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DESIGN, PROCESSING AND TESTING OF LSI ARRAYS 
HYBRID MICROELECTRONICS TASK 


1 . 0 INTRODUCTION AND SUMMARY 

This report summarizes a twelve-month effort on Contract NAS 
8-32607, Supplementary Agreement No. 2; and completes the second year 
of such effort, starting with the 1977- 1978 cost-factors/packaging program. 
Specifically, this program involves determination of those factors affecting 
the cost of electronic subsystems utilizing LSI microcircuits, and develop- 
ment of the most efficient methods for low-cost packaging of LSI devices as 
a function of density and reliability. Overall program Tasks are summarized 
in Figure 1 - 1 . 

This one-year supplementary program has been divided into two 
Tasks as follows: 

TASK A - Cost Factors Study 


Mathematical cost factors were generated under the original contract 
for both hybrid microcircuit and printed wiring board (PWB) packaging 
methods, and a mathematical cost model was created for analysis of 
microcircuit fabrication costs. Under the Supplementary Agreement 
effort, the cost model is to be refined and broadened to cover discrete 
(PWB) packaging techniques, and to include component parts such as 
ceramic chip carriers, multichip LSI ’'subassembly" arrays, and 
plastic LSI packages (all of which may incorporate tape chip carrier 
interconnection technology). The costing factors previously developed 
are to be refined and reduced to formulae for computerization. 

TASK B - Tape Chip Carrier Development Study 


Tape chip carrier technology has been shown under the original 
contract to represent a viable approach to low cost LSI packaging, with 
additional potential for lowering the cost of hybrid microcircuit fabri- 
cation. Certain technical problem areas, inherent to LSI applications, 
have been identified; work is to continue during the Supplementary 
Agreement time period in an effort to resolve these problems by 
continued development in the areas of wafer bumping, inner/outer 
lead bonding, testing on tape, and tape processing. 
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Figure 1-1. Overall program schedule. 
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Tape chip carrier technology shall be developed further by studies 
and laboratory effort toward demonstrating the feasibility of inter- 
connecting arrays of two, four, or more LSI chips on the tape carrier. 
Such arrays would form standard modules or "blocks' 1 , from which 
larger assemblies could be constructed. 

TASK A Synopsis 

Mathematical cost models previously developed for hybrid micro- 
electronic subsystems have been refined and expanded under Supplementary 
Agreement No. 2 to include rework terms related to substrate fabrication, 
non-recurring developmental and manufacturing operations, and prototype 
production. In addition, sample computer programs have been written to 
demonstrate hybrid microelectronics applications of these cost models. 

Computer programs were generated to calculate and analyze, through 
the equations of the models developed, values for the total hybrid micro- 
electronics costs. These programs were employed also to calculate cost 
variations when nonconventional technologies such as the tape chip carrier 
(which is one method of packaging large scale integrated (LSI) semiconductor 
devices) become a more widely used part of hybrid microelectronics. In 
addition, cost surfaces were generated; behavior of the hybrid cost function 
relative to the total number of chips utilized, and in accordance with expected 
production volume, was studied over a large range. 

Modeling procedures and techniques similar to those developed for 
hybrid microelectronics applications were employed to model conventional 
printed wiring board packaging processes. The total manufacturing cost of 
a fully assembled printed wiring board (PWB) structure, including electronic 
component parts, was expressed in terms of PWB fabrication, assembly to 
PWB substrates, and nonrecurring/recurring materials costs. The qualita- 
tive cost factors collected from previous work x were quantified by analyz- 
ing worksheets from several PWB facilities. These costs have been correl- 
ated to their respective process parameters for each step of the process. 

The models developed during the first-year effort^ were valid 
only when applied to volume runs on the order of 120, 000 units yearly. 


(References are listed in Appendix "A". ) 
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Improvements of these mathematical cost models during this second-year 
period include the following areas: 

1 . Substrate Fabrication 

a. Rework cycles and inspection steps have been added. 

b. Yield of the fabrication process has been expressed in 
terms of rework. 

2. Total Hybrid Microelectronics Subsystem Fabrication 

a. Non-recurring developmental and manufacturing costs 
have been included in the equations. 

b. Production volume has been introduced as a variable 
parameter in the equation. 

c. Values of constants, and those parameters defining the 
reference hybrid, have been reestablished to include the 
impact of prototype production. 

To compute and analyze relationships between the cost of each pro- 
cess step and the process parameters involved, computer programs have 
been written. One of these programs generates a three-dimensional cost 
surface, which permits visual interpretation of the cost-process parameters 
relationship. A graphical display such as this is better understood and more 
readily related to personal experience than is any other display form. 

T. i mathematical models developed for both hybrid microelectronics 
and printed wiring board technology eventually can be refined such that the 
computer can be used for developing cost estimates (in job bidding) within a 
15-percent accuracy for well-defined cases. Accuracy was not the primary 
concern of this program however; rather, the major concern was to develop 
models which were capable of handling a large variety of electronics 
technologies, and to obtain comparative costs of the various technological 
approaches. By recognising program goals, and by clearly stating the 
boundary conditions which must be satisfied each time a given electronics 
subsystem is considered, the models developed could be successful tools to 
analyze the cost of any electronic subsystem, and to evaluate associated 
technologies. 
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The purpose of this work is to develop a tool to evaluate the entire 
hybrid microelectronics fabrication cost when technological changes are 
made In any portion of the processes involved. In this way, those changes 
which are associated with cost reductions will become more readily identifi- 
able; currently, they are hidden in the literature, or in the practical know- 
ledge of a few qualified people. 

The ability to predict cost consequences when a change in technology 
is made is a major factor in bringing about reduced production costs. 
Coincidentally, in seeking cost savings, new technological approaches are 
derived. The models therefore will ha.ve served their purpose if, besides 
identifying those areas which will impact cost savings directly, they also 
help to identify those additional technological improvements necessary to 
cause further savings, 

TASK B Synopsis 

Task B has two basic parts. In the first part, developmental work 
has continued on LSI packaging utilizing tape chip carrier (TCC) technology, 
particularly in the areas of tape processing, wafer bumping, and inner/outer 
lead bonding. In the second part, studies and laboratory efforts have been 
utilized to show the feasibility of interconnecting arrays of LSI chips utilizing 
tape chip carrier and semiautomatic wire bonding technology. 

Table 1-1 is a work approach matrix which outlines those tape chip 
carrier tasks completed under the original contract, and which indicates the 
direction of effort which has been undertaken during the Supplementary 
Agreement time period on a Task/Goal basis. Specific semiconductor device 
types are listed and identified by code letter. 

Subtask Numbers 8 (Lead Finger Support) and 12 (Silicon Nitride 
Coating/Retest) were included for target or "best efforts" investigations as 
time and funding considerations permit. The "Lead Finger Support" task 
covers several techniques/materials which Hughes has been investigating on 
internal funding during the program time period. This concept involves 
potential tape carrier yield improvements brought about by inclusion of a 
soluble organic etched-lead support within the window area. 
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The Silicon Nitride Coating/ Retest effort refers to a current U. S, Air 
Force (AFML) Manufacturing Technology Program with Hughes- Culver City 
(Contract F336 1 5- 77- C- 5049), in connection with which Hughes-Newport 
Beach currently is conducting reliability investigations. A production reactor 
offering relatively-low- temperature (150°C) Si^N^ coating of hybrid micro- 
circuits, tape- car rier-mounted devices, and/or packaged semiconductors 
was installed at the Newport Beach facility during July, 1979. Implementation 
delays have prevented investigations during this program time period con- 
cerning effectivity of Si^N^ coating over tape-mounted devices. Such efforts 
will be proposed for future investigations. 

Under Subtask 13, studies and developmental effort were to have been 
applied to interconnection of standard array LSI devices, in groups of two, 
four, or more, in an effort to bring about a cost effective and versatile 
packaging method for minicomputers and high density memory arrays. This 
Subtask has not been accomplished during the Supplementary Agreement No. 2 
time period because of delays in procurement of those standard array devices 
planned as test vehicles for this developmental effort; namely, the NASA- 
developed STAR (Standard Transistor Array Radix). The STAR design * ^ ;tem 
is a double- metal semi- custom approach to generating quick- turnaround MOS 
digital LSI circuits^ It consists of an array of devices defined in different 
technologies with a common grid system. The arrays are processed to the 
point of metal definition and held in storage. STAR circuit interconnection 
designs are created by three custom masks that define the first level of 
metal, the via mask, and the second level of metal. The STAR has been 
defined by NASA in the CMOS- BULK metal ga te, CMOS- SOS silicon gate, 
CMOS- BULK silicon gate, CCL-SOS, and CCL-BULK technologies. A 
family of 22 logic cells have been designed and digitized by NASA for use 
with STAR arrays, which are being created in different sizes, ranging from 
an equivalent 384 transistors up to an equivalent 5264 transistors. 

STAR technology offers many advantages of custom integration such 
as reliability, secrecy, power, and size reduction, while allowing faster 
turn-around time and lower cost than that possible with custom integration 
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techniques. In Subtask 13, the objectives of low cost and fast turn-around 
will be extended to the next level: packaging of STAR devices. Although such 
packaging could not be accomplished during the time period of this Supple- 
mentary Agreement No. 2 , it will be proposed as a portion of a potential 
follow-on Supplementary-Agreement-No. -3 effort. 

Section 2. 0 includes a more detailed description of Task A and B 
progress during this program. 
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DESIGN, PROCESSING AND TESTING OF LSI ARRAYS 
HYBRID MICROELECTRONICS TASK 


2 . 0 TECHNICAL DISCUSSION 


Mathematical model refinement under Task A has been completed, 
as indicated in Section 1.0, and summarized in the Cost Factors Program 
Schedule of Figure 2-1. Considerable Tape Chip Carrier (TCC) process 
refinement progress has been made under Task B; bump processing of the 
1.5-inch-diameter x 0.008-inch mechanical sample STAR wafers received 
from MSFC has been initiated, but assembly of bumped arrays was not com 
pleted during the Supplementary Agreement No. 2 time period. This task 
will be included as part of a potential follow-on program to be proposed as 
Supplementary Agreement No. 3. 

2. 1 TASK A - COST FACTORS 

Substrate fabrication flow charts for thin and thick film technology 
were modified during the first six months of this program time period to 
include inspection/ quality- contr ol steps and rework cycles. The addition 
of rework cycles in the models permits process yield expression on an 
explicit basis, thus eliminating the previously defined need for expressing 
an additional yield parameter independent of process parameters. 

Equations representing substrate ( ceramic -based network) fabrica- 
tion consequently have been modified by the addition of two new parameters: 
(a) Inspection cost, and (b) Number of rework cycles; in addition to introduc 
tion of new coefficients. 

The previously-developed mathematical models were applicable to 
large production quantities (about 120, 000 per year). It consequently was 
necessary to modify these models so that the total cost of a hybrid micro- 
circuit could be predicted when small production quantities are consider ed 
(one to 1500 per year, in lot sizes of one to 100). 
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Figure 2-1. Cost factors (task A) program schedule. 




The generalization to include small production quantities was made 
by means of the following two steps: a) Additional cost factors were 
gathered concerning the production of hybrids in prototype facilities and, 
b) These costs were introduced as additional terms (and/or multiplying fac- 
tors) in previously-developed equations. 

As a consequence of this generalization, it was found that differentia- 
tion of engineering costs between a hybrid build in a prototype facility, and 
the same hybrid build in a large production facility, was an important con- 
sideration. Differences between these hybrids have been expressed quanti- 
tatively in graphical form by using a family of curves; and in symbolic form 
by means of distinct equations. The equations were obtained with the data 
available by finding the best curve fit using a statistical analysis approach. 

In addition to the above-described factors, distinction has been made 
between recurring and non-recurring costs. These costs now are expressed 
in the equations as percentages of total manufacturing costs. In this way, the 
non-recurring engineering costs proportionally change with the total manu- 
facturing cost, and they are affected directly by the degree of hybrid 
complexity. 

Three major categories have been considered for the non-recurring 
developmental costs: a) Engineering costs, which include items such as 

applications engineering, design layout, package drawings, and test fixtures 
design; b) Engineering Proof of Design (POD) models, which include planning 
for the continuation of production, engineering support, and total fabrication/ 
assembly; and c) Engineering Pre-Production Models, which take into account 
the costs necessary to build exactly the same hybrids that will be required 
in production. 

Items such as test fixtures, layouts, masks, manufacturing drawings, 
screens, and instructive photos have been introduced into equations as part 
of the non-recurrin g manufacturing costs. 


1 

i 
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2.1.1 Computer Programming and Model Verification for Hybrid 
Microelectronics Applications 


Equations expressing the total cost of hybrid microelectronics sub- 
systems have been developed and subsequently refined^^. It was found 
that through simple computer programming, these formulas could furnish 
comprehensive information about cost functions otherwise not readily evident. 
In turn, this information was used to refine functional relationships between 
process parameters and those costs developed during the modeling phase of 
the program. In this way, accuracy of the model and its capability to pre- 
dict cost trends, both have been improved. 

Two computer programs were written; one to compute a single -valued 
cost function; the other, to generate a cost surface. The single-valued cost 
function program includes, as a special case, computation of the cost dif- 
ferential when tape chip carrier (TCC) technology is used. The cost factors 
involved, and the equation developed when this type of technology is applied, 
previously have been modeled^ ^ according to the simplified process flow 
shown in Figure 2-2. 

For a given set of input variables, the single-valued cost function 
program computes and prints out complexity factor, substrate fabrication 
cost, assembly cost, recurring material cost, and total hybrid cost; in addi- 
tion to cost differential when TCC technology is used. 

The entire program to compute a single-valued cost function is 
reported in Appendix B, and typical print-outs are shown in Figure 2-3. 
Symbol meanings and the process steps have been included as part of the 
print-out for easy reading of the equations. 

The cost surface program shown in Appendix C generates a matrix 
of cost values, which then are plotted through any graphical display program 
to obtain cost surfaces for each couple of desired variables in three dimen- 
sions (the third dimension being the cost of the hybrid). Figure 2-4 shows a 
typical graphical output obtained with this program by selecting the total 
number of chips and the production rate as variables. Another view of the 


^References are listed in Appendix M A n . 
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HYBRID MICROELECTRONICS MANUFACTURE: 
COMPLEXITY FACTO R(CC)= 0.44 
SUBSTRATE FABRICATION COST(C'SP)^ $ 183.74 
ASSEMBLY COST(C'AT)* $19 13.66 
RECURRING MATERIAL COST(CM)- $1 1 7.22 

U = 10 

TOTAL HYBRID COST « $2214.62 

u - 60 

COMPLEXITY F ACT O R (CC) ■» 0.44 
SUBSTRATE FABRICATION COST(C'SP)= $96.52 
ASSEMBLY COST(C'AT)* $1005.26 
RECURRING MATERIAL COST(CM)= $1 1 7.22 
TOTAL HYBRID COST - $1219.00 

u “ 120.000 

COMPLEXITY FACTOR (CC)- 0.44 
SUBSTRATE FABRICATION COST(C'SP)= $1 1 .1 0 
ASSEMBLY COST(C # AT)= $1 15.58 
RECURRING MATERIAL COST(CM)= $1 17.22 
TOTAL HYBRID COST =$243.90 


HYBRIO MICROELECTRONICS MANUFACTURE: 
COMPLEXITY FACTOR(CC)= 0.44 
SUBSTRATE FABRICATION COST(C'SP)* $183.74 
ASSEMBLY COST(C'AT)- $191 3.66 
RECURRING MATERIAL COST(CM)= $117.22 
TOTAL HYBRID COST = $2214.62 

10 

ALTERNATE CASE SELECTED: 


EFFECT OF TAPE CHIP CARRIER (TCC) TECHNOLOGY 


ON HYBRID MANUFACTURING COST: 


TAPE CHIP CARRIER COST Dl FFERENTl AL(CTCC)= $421.63 
TOTAL HYBRID COST WITH TAPE CHIP CARRIER =$1675.77 



Figure 2-3. Single-valued cost function print-out for different production volumes ( u ), 

and for TCC case. 
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same variables, obtained by axis rotation, is shown in Figure 2-5. As 
production volume decreases and the total number of chips increases, the 
total hybrid cost increases. The exponential behavior of the plot largely is 
attributable to the non-linear dependence of the cost function with respect to 
production volume. 

2.1.2 Modeling to Develop Total Manufacturing Cost of Conventional Packag - 
ing via Printed Wiring Board (PWB) Technology 

The cost in dollars of a PWB electronics module (CPWB) which 
includes assembled electronics component parts, is modeled by the following 
equation: 


CPWB = CPMFAB + CPRMA + CMRF + CMRA, (1) 

where CPMFAB is PWB fabrication cost, CPRMA is cost of the assembly of 
electronic component parts on the PWB, CMRF is recurring material fabrica- 
tion cost, and CMRA is recurring material assembly cost. 

Production volume and non-recurring costs are not explicitly expressed 
in Equation (1), but contained in the CPMFAB and CPRMA terms. Func- 
tionally however, CPWB is related to production volume (V), and to non- 
recurring costs by a relationship of the type: 

CPWB = CWBPfPj, P , CCF) F(V); (2) 

where CWB is the non-recurring and volume -independent total PWB manufac- 
ture cost, and P(P^, P^= CCF) is defined by a relationship of the type: 

P + ( p l + p 2 + 1) CCF, (3) 

where Pj and P^ are the non-recurring fabrication/assembly engineering and 
materials cost factors, respectively, CCF is the fabrication or assembly 
complexity factor. The function F(V) is defined as; 

F(V) = PHI ( V)~ k , (4) 
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where PHI depends upon the type of production facility chosen (prototype or 
large volume), and k is a constant representing the slope of the log-log plot 
in Figure 2-6. The two straight lines in this figure represent two different 
types of production facilities, and intersections with the cost axis determine 
values of PHI. 

Non-recurring costs were introduced into the manufacturing cost 
equation for the purpose of generating general equations, from which special 
cases can be obtained. In fact, by making Pj = P^ - 0, one can separate the 
non-recurring cost from total manufacturing cost. 

2 . 1 . 2 . 1 Non-Recurring and Recurring Materials Costs (Conventional (PWB) 
Packaging) 

Non-recurring cost factors were collected for conventional packaging 
via PWB fabrication and assembly. These costs were divided into two cate- 
gories: 

1. Engineering - including design, design review, implementation, 
initial planning, test procedures, preparation of specification, 
and layout; 

2. Materials - including fixtures and tooling, artwork, drill tape, 
computer program for breadboard testing, and various assembly 
aids . 

These costs are included in Tables 2-1 and 2-2 respectively. 

The recurring material costs also were collected for PWB fabrica- 
tion, and for conventional (PWB) assembly; they are reported in Table 2-3. 
Recurring fabrication costs include the cost of board material, (glass poly- 
mide and/or glass epoxy), prepregs used for lamination in multilayer fabri- 
cation, chemicals (photoresist, stripper, etchants, cleaner, electroplating 
baths), and gold electroplating solution. Recurring assembly costs include 
the cost of component parts such as resistors (passive axial components in 
general), diodes, transistors, hybrid microcircuits, and flat packs. These 
costs are expressed explicitly in dollars, whereas the non-recurring fabri- 
cation and assembly costs are expressed as percentages of PWB fabrication 
and assembly costs, respectively. 
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TABLE 2-1. NON-RECURRING PWB FABRICATION COSTS 

* P 1F' P 2F* 


Category 


Cost Breakdown 


Engineering,! Design, design review 
Implementation support 
Initial planning 



Preparation of specifications, 
test procedures 

Layout 


Fixture and tooling 

Artwork 

Drill tape 

Computer program for 
breadboard testing 


Percentage of 
Total Fabrication Cost 


20 - 30% 



TABLE 2-2. NON-RECURRING CONVENTIONAL PACKAGING (PWB) 

ASSEMBLY COSTS (P, A , P. A ) 


Cost 

Category 


Cost Breakdown 


Percentage of 
Total Assembly Cost 




Materia]?. I Fixture, tooling, assembly 
aids 


30 - 35% 















PWB Fabrication 


1. Board material: glas s -polyimide or glass -epoxy with copper cladding 

2. Lamination material: polyimide or epoxy prepreg 

3. Chemicals: photoresist, etchants, electroplating baths, solder, 

stripper, cleaner, brightener 

4 # Gold bath 
PWB Assembly 

1. Axial components (resistors, capacitors) 

2. Transistors 

3. Flat packs (mainly used with digital modules) 

4. Hybrids 
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where 


CMM = 2*F*NL*SF Board Materials Cost 

CMP = 0 . 36 • F • NL • SF Prepreg Cost 

CCH =0.8 Cost of Chemicals 

CAU =2.5 Cost of Gold Bath 

Assembly recurring cost (CMRA) is modeled by the equation: 

CMRA = CCOMP + COO , (8) 

where COO is a constant which accounts for minor miscellaneous materials 
costs, and the "component parts cost" term CCOMP for analog circuit 
applications is given by: 

CCOMP = 0.52 -NAX + 3.5 ■ NTR + 450 • NHY (9) 

For digital circuit applications, the component parts cost is: 

CCOMP = 1.5-NFP , (10) 

where NFP is the number of flat-packs (or DIPs). (Definition of terms is 
included in Table 2-4). The numbers in these equations are the average unit 
component parts costs in dollars. 

2. 1.2.2 Printed Wiring Board (PWB) Fabrication 


To formulate the model for PWB fabrication to be used in conventional 
electronics packaging/assembly, it was necessary to a) collect quantitative 
cost factors, and b) model each step of the process. Qualitative cost factors 
already have been collected in previous worl^^. 


1. Quantitative Cost Factors Collection 

Costs were associated with each of the major steps necessary 
to fabricate a PWB. This was achieved by examining several 
work sheets collected from different production facilities. Each 
of these costs was expressed further in terms of process para- 
meters. As a consequence, pairs of parameters, such as cost 
of fabrication and number of layers (Figure 2-7), cost of fabri- 
cation and yearly quantity produced (Figure 2-6), and cost of 
fabrication and weight of the copper-clad material (Figure 2-8), 
have been related and expressed in graphical form. 
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PSF = 1 

.Press cycle factor 

tt.5 

v. jjua y 

polyimide 

PWBA - 30 

PWB area, square inches 

(1 

smooth 

QHF = 0. 5 

Hole quality factor 

{0. 5 

medium 


( 0. 3 

rough 



f 1 

good 

Q.PLF = 0. 5 

Plating quality factor 

<0. 5 

satisfactory 



10. 25 

poor 

TAHF = 1 

Adhesive type 

1 

1. 5 

preprcg 

polysulfone 



n 

epoxy 

TCC = 1 

Curing cycle 

\ 2. 5 

po lyim ide 

TCUF = 0. 0175 

Copper thickness factor, 
STDH/ ounce 

e 

no rm al 

THSF = 1 

Type of heat sink 

11.5 

complex 



(1. 5 

stencil 

TMAR = 1 

Type of marking 

11. 0 

etched 

TMF = 1 

Type of material 

{J.8 

epoxy 

polyimide 

TR = 0. 05 

Drilling tolerance 



TYR = 0. 5 

Type of photoresist 


self- screening 
film resist 



(l-o 

liquid 

WCU = 2 

Weight of copper, ounces 



X = 0. 23 

Drilling tolerance (TR) 
exponent 




SF = 0. 5 


Size factor 


( 0.3 size 2 in. x 3 in. 
0. 5 size 5 in. x 6 in. 
1. 0 size 8 in. x 12 in. 





NUMBER OF LAYERS 


Figure 2-7. Printed wiring board (PWB) fabrication cost as a function of the number of board layers 
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COPPER WEIGHT, OZ 


Figure 2-8. Etching cost as a function of PWB copper weight. 

2. Process Modeling 

Process parameters and time of fabrication were related for 
each step of the fabrication process, which was simplified to 
include only important steps. The fabrication process has been 
modeled by the flow chart in Figure 2-9. 

At first, a functional relationship between these quantities was 
established. Then, the constants of proportionality were derived by applying 
values as they relate to quantities, process parameters, and costs in standard 
hour s, previously collected, 

A complexity factor has been defined as a function of hole density, 
line width, line spacing, pad size, hole size, and number of layers. The 
PWB fabrication cost then was expressed by an equation which is the sum of 
each single process step cost, including the complexity factor. 
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Figure 2-9. Printed wiring board processing sequence. 
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2. 1,2.2. 1 Mathematical Formulation of the Model 


The cost in dollars of conventional (PWB) fabrication (CPMFAB) has 
been modeled by the following equation: 

CPMFAB = CMFAB (PF1 + PF2 + 1) CCFAB ‘PHI (V)" K , (11) 

where CMFAB is the volume-and-non-recurring- cost-independent expres- 
sion of conventional (PWB) fabrication cost. CMFAB is given by 

CMFAB = (CCL + CPH + CETC + CCR + CEBA + CLAM 
+ CDRM + CREM + CELS + CPL + CM + CHAR 
+ CSRF + CPLC + CHS + CINSPF + CETF 
+ CRWF) • WR , (12) 

where WR is the wage rate, and all other symbols are identified by steps in 
the flow chart of Figure 2-9. 

The above equation is based on relationships between process step 
cost and process parameters, as indicated in Table 2-5. 

The numbers appearing in the equations are the constants of pro- 
portionality. These constants were obtained by giving average values to the 
process parameters once the process step cost was known. Symbols expres- 
sing the process parameters, their meanings, and their typical numerical 
values, are listed in Table 2-4. 

The complexity factor CCFAB is defined as 

CCFAB = (2.1 x 10" 3 -HD + 0.67*(1./LW + l./LS)) ALPHA 
= 5-(l/PS) BETA + 4.(l/HS) GAMMA 

+ 0.0125 •(NL) DELTA (13) 

where alpha, beta, gamma, and delta are exponents chosen to be numerically 
equal to one. This relationship was found empirically to be the most suit- 
able for applications under this program. Further refinement of this equa- 
tion might be obtained by giving more weight to some of these exponents 
than to others. The numerical values of the four exponents however, should 
remain close to unity. 
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2. 1.2.3 Conventional PWB Assembly 

The assembly model for conventional (PWB) electronics subsystem 
packaging was formulated in a manner similar to that used for PWB fabri- 
cation. Three steps were followed: 

1. Collection of Quantitative Cost Factors 

A cost figure was given to each major step of the assembly 
process. These cost figures were obtained from different 
production facilities involved in either manual or automatic 
assembly of discrete capacitors and/or other component parts 
on a PWB board. Quantitative values for parameters such as 
rate of component lead forming, rate of component insertion, 
rate of magazine loading, rate of leak test, rate of timing, and 
rate of vapor cleaning, also were collected. In addition, average 
values have been determined for a typical assembly sequence, 
and a reference set of PWB assembly costs has been established. 

2. Modeling 

Process parameter costs were related by functional mathe- 
matical relationships for each step of the assembly process 
(Figure 2-10); simplified to include only important steps. Once 
the shape of the functions was established, the constants of 
proportionality were determined by using the quantitative values 
previously collected. In this case also, as was done for the PWB 
fabrication model, a complexity factor has been defined. The 
assembly complexity factor was found to be a function of the 
density of axial-leaded component parts, the density of other 
component parts (including transistors and hybrid microcircuits 
for analog subsystems, or flat packs for digital subsystems), 
and the average component lead density. Further, this com- 
plexity factor was defined to be numerically equal to the PWB 
fabrication complexity factor for any given set of parameters. 

The PWB assembly cost then was expressed by an equation 
involving the sum of each process step cost, and including the 
complexity factor. 

3. Mathematical Formulation of the Model 

The cost in dollars for the assembly of discrete electronic com- 
ponent parts on a PWB is modeled by the following equation: 

^ IA = CMA* (PA1 + PA2 + 1) • PHI (V)" K • CCA , 
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where CMA is the volume-and-non-recurring-cost-independent 
PWB assembly and testing cost. CMA is given by: 

CMA = (CLF + CTIN + CVC + CLT + CLM + CCI + CRS + CETA 

+ CTROB + CRWA + CCT + CINSPA) • WR , (15) 

where WR is the wage rate, and all other symbols are identified 
through the flow chart steps shown in Figure 2-10. 

Each step of equation (15) is based upon relationships between those 
process step costs and process parameters shown in Table 2-6, 

Numbers included in the equations (and in Table 2-6) are constants 
of proportionality. These constants were determined by giving representa- 
tive values to the process parameter s, once the process step cost was known. 
The meaning of the symbols expressing the process parameters and their 
typical numerical values are listed in Table 2-7. 

The assembly complexity factor CCA is defined as: 

CCA = CA1 • (DAX + DOT) + CA2(DLAB) 1# 1 , (16) 

where the exponent 1. 1 has been chosen empirically to fit the experimental 
data. The shape of this equation also has been determined empirically by 
means of a trial-feedback approach. 

2.1.3 Hermetic Chip Carriers - Introducing a New Technology into a Well - 

Established Technology 

The introduction of new technologies into traditional production lines 
can be expensive, if all major consequences are not properly determined. 
Predictions concerning these consequences can be made effectively by 
employing modeling techniques. 

The hermetic chip carrier (HCC) (shown in Figure 2-11) is a 
fast-developing technology which has found applications on printed wiring 
boards (PWBs) and on ceramic wiring boards (CWBs) as a direct replacement 
for flat packs or dual-in-line -packaged ( DIP) components. Preliminary cost 
analyses show that hermetic chip carriers (generally fabricated from ceramic 
for military-grade applications; or from either plastic or ceramic for com- 
mercial applications) are an economical method of packaging LSI chips. 


2-24 





AVCCC = 0. 5 

BF = 1 

CA1 = 0. 056 

CA2 = 0. 009 

DAX = NAX/PWBA, 

DLAV = 26 

DOT a NOTH /PW BA, 

N = 1 

N1 = 0. 1 

N2 = 0. 02 

N3 = 0. 01 

NA = 2 

NAX * 80 

NC = 94 

NF P = 94 

NHY = 10 

NI = 5 

NOTH = 14 

NSJ = 800 

NTR = 4 

R = 1 

RFORA = 60 
RFORFP = 1200 
RFORH = 120 
RFORT = 20 
RIA = 60 
RIFP = 1200 
RIH = 120 
RIT = 20 
RLM = 500 
RLT = 50 
RTIN = 50 
RVC = 100 

Y = 1 2 
PWBA =30 in 


Average component complexity factor 

Bending facto r (1= automated; 10= manual 

Assembly complexity factors constant 

Assembly complexity factors constant 

Axial component density 

Average lead density per component 

Other component density 

Number of reworks 

Fraction of hybrids reworked 

Fraction of other components reworked 

Fraction of solder joints 

Number of sidc-s 

Number of axial components 

Number of components 

Number of flat packs 

N u m b e r of Hy b rids 

Number of inspections 

Number of other components 

Number of solder joints 

Number of transistors 

Component type ( 1 = axial; 0 = other) 

Rate of forming of axial components 
Rate of forming of flat packs 
Rate of forming of hybrids 
Rate of forming of transistors 
Rate of insertion of axial comps. 

Rate of insertion of flat packs 

Rate of insertion of hybrids 

Rate of insertion of transistors 

Rate of loading 

Rate of leak test 

Rate of tinning 

Rate of vapor cleaning 

Exponent of AVCCC 

Area of board 
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In view of the performance improvements and size/weight reductions 
associated with I ICC technology, it is important to determine the cost effects 
of these packages on conventional PWB electronics subsystem fabrication 
when the two technologies are combined. 

Cost factoi'S related to HCC technology were collected from an internal 
study intended to modify some of the actual electronic modules for the F-15 
Radar System . By constructing a selected PWB module (originally designed 
with through-holes to permit usage of wave- solder ed flat-packs) utilizing the 
same number of surface-reflow- soldered HCC packages, cost savings can be 
realized in fabricating the board by laminating five layers, instead of the 
eight layers which otherwise would be required. This reduction in the num- 
ber of layers can be expressed as a space savings of about 44 percent. Sav- 
ings also are achieved in the HCC package assembly process. The difference 
between IICC and flat-pack assembly processes is represented in Figure 2-12. 
Additional handling, lead forming, and lead cutting steps are needed to 
assemble flat-packs, while the cost of assembling LSI chips into HCC pack- 
ages is about the same as that for chips mounted in flat-packs. This process 
can be modeled in both cases (flat-packs and HCC packages) by means of the 
flow charts shown in Figure 2-13. 

The assembly of hermetic chip carriers onto PWBs was modeled 
from the process represented in Figure 2-14. An analysis of this simplified 
process show.'-, that the cost of IICC assembly is modeled by the equation 

CM A r (( C LF f C TIN 4 C VC I CLT4C LM i C Cl i CR S4 C E T A+ C TR O B 

4CRW r A4CCT+CINSPA)-(l ID) - ( CLF 1 CTlNiCLT)) «WR, (17) 

where D is a factor representing the assembly cost differential when IICCs 
are used. Other cost savings are associated with materials costs. Hermetic 
chip carriers can be purchased at a lower unit price than can flat-packs. The 
difference in cost of these units as a function of lead/pad count is reported in 
Figure 2-15. 
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The component parts material cost, (CCOMP) then is modified to 
include the cost effects of the HCC package: 

CCOMP = B • 1 5 • NFP , (18) 

where B is a coefficient of proportionality. The term B • NFP is the actual 
number of HCC packages used. The number 15 represents an average cost 
value for flat-packs with LSI chips, and NFP is the number of flat-packs. 

In addition to the above-described cost savings when HCC packages 
are utilized, the cost of associated materials items such as CMM and CMP 
(page 2-14) is reduced because of the space savings attained with HCCs. 

2.1.4 Computer Programming and Models Verification 

Computer programs were developed for the computation of PWB 
manufacturing costs in a fashion similar to that developed for hybrid micro- 
electronics subsystems. Such models, developed and expressed with mathe- 
matical equations, turned out to be equally suitable for programming, when 
compared with the hybrid models. Consequently, the computer was used not 
only to verify the initial functional relationships assumed to exist between 
parameters and costs, but also to refine them. 

Two computer programs were written: one to compute a single- 

valued cost function; the other, to generate a cost surface. The single- 
valued-cost-function program includes three application cases: analog, 

digital, and hermetic chip carrier. Normally, the program computes the 
cost for the analog case if the other two are not requested specifically. 

Hermetic chip carrier technology is a growing LSI packaging approach 
which allows dense packaging of LSI chips, along with improved performance. 
A cost impact study in comparison with more traditional technologies (such 
as conventional PWB assembly) is important as an aid to enhanced imple- 
mentation of this relatively new technology into the mainstream of electronics 
packaging methodology. The cost factors and equations developed for the 
HCC technology were computerized, and the total cost of PWB manufacture/ 
assembly with HCC packages was computed. 
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For a given set of input variables, the program commutes and prints 
out PWB fabrication cost, PWB assembly cost, recurring material fabrica- 
tion cost, recurring material assembly cost, fabrication complexity factor, 
assembly complexity factor, and total manufacturing PWB cost for the three 
cases (analog, digital, and PWB module with HCC packages). 

The program to compute a single-valued function is reported in 
Appendix D; typical print- outs are shown in Figure 2-16. Meanings of the 
symbols used, and that of the process steps have been included in the pro- 
gram printout, so that interpretation of the equations is relatively simple. 

The computer programs required to generate cost surfaces were 
developed for conventional (PWB) fabrication/assembly in a manner similar 
to that utilized for hybrid microelectronics. This program, shown in 
Appendix E, generates a matrix of cost values which then are plotted by 
means of any convenient graphical display program to generate cost surfaces. 

A typical graphical output computed from usage of this program is 
shown in Figure 2-17, which illustrates the total manufacturing cost surface 
as a function of layers and production volume. An alternate view of this 
same cost surface is obtained by rotating the axes, as shown in Figure 2-18. 
As production volume decreases and the number of layers increases, the 
cost increases. The non-linear behavior of cost with these parameters is 
attributable largely to the presence of the production-volume term. 

When the cost surface representing total PWB manufacture and 
assembly is compared to that for PWB fabrication alone (represented in 
Figure 2-19), it can be seen that the latter varies with the number of layers 
(especially at low production volume) much more than does the total PWB 
manufacturing/ as sembly cost. Evidently those costs involved in the assembly 
of conventional component parts onto PWBs cause potentially significant 
changes in the overall surface shape. 

2.1.5 Recommendations for Future Study (Task A) 

Mathematical cost models are useful only if they can be interpreted 
easily by engineers, designers, and production managers to estimate the 
cost evolution of electronic systems as the technology changes. Model 
representation therefore must be easy to understand, and the means for 
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PRINTED WIRING BOARD MANUFACTURE: 

SPECIAL CASE SELECTED: NONE (NONE = ANALOG) 

(CARRI = CARRIER; DIGIT = DIGITAL) 

PWB FABRICATION COST C’MFAB = $214.54 
PWB ASSEMBLY COST C'MA = $236.10 

RECURRING MATERIAL FABRICATION COSTS CMRF = $10.38 
RECURRING MATERIAL ASSEMBLY COSTS CMRA = $4575.60 

FABRICATION COMPLEXITY FACTOR CCFAB = .500 
ASSEMBLY COMPLEXITY FACTOR CCA = .500 

TOTAL MANUFACTURING COST CPWB = $5036.61 

PRINTED WIRING BOARD MANUFACTURE: 

SPECIAL CASE SELECTED: CARR! 

(CARRI = CARRIER; DIGIT = DIGITAL) 

PWB FABRICATION COST C'MFAB = $159.64 
PWB ASSEMBLY COST C'MA = $338.50 

RECURRING MATERIAL FABRICATION COSTS CMRF = $5.92 
RECURRING MATERIAL ASSEMBLY COSTS CMRA = $823.70 

FABRICATION COMPLEXITY FACTOR CCFAB = .453 
ASSEMBLY COMPLEXITY FACTOR CCA = .500 

TOTAL MANUFACTURING COST CPWB = $1327.77 

PRINTED WIRING BOARD MANUFACTURE: 

SPECIAL CASE SELECTED: DIGIT 
(CARRI » CARRIER; DIGIT = DIGITAL) 

PWB FABRICATION COST C'MFAB = $214.54 
PWB ASSEMBLY COST C'MA « $185.73 

RECURRING MATERIAL FABRICATION COSTS CMRF = $10.38 
RECURRING MATERIAL ASSEMBLY COSTS CMRA = $1430.00 

FABRICATION COMPLEXITY FACTOR CCFAB = .500 
ASSEMBLY COMPLEXITY FACTOR CCA = .500 

TOTAL MANUFACTURING COST CPWB = $1840.65 


Figure 2-16. Typical PWB print-outs. 





PWB MANUFACTURE - VARIABLES 
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assembly) as a function of number of layers and production volume (rear view). 
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Figure 2-18. PWB manufacturing cost (fabrication and assembly) as a function of number of layers and production volume (left view) 




VOLUME 






implementation must be readily accessible. The three-dimensional display 
of cost functions, developed under this program, is one methodology for 
effectivelv transferring information from mathematical algorithms to the 
point of implementation. 

The study of cost surfaces eventually will lead to a classification of 
cost factors and model types which are invariant for given sets of electronic 
systems (or technologies). Specific cases then can be deduced from these 
invariant sets of surfaces, and with the appropriate boundary conditions 
which identify a given electronics module, appropriate mathematical equa- 
tions can be formulated. 

It is proposed then to undertake a study of the properties attributable 
to cost surfaces. A question such as: "Could hybrid microelectronics pack- 

aging technology be combined with conventional PWB packaging to form an 
entirely new type of electronics packaging methodology? ", could be answered 
by taking representative surfaces for the two existing technologies and 
deforming them until they overlapped. If overlapping is obtained with a 
permissible deformation process, then the deformation parameters will be 
representative of those technological changes which make possible a unifica- 
tion of the two differing technologies. The development of cost surface 
analysis techniques will be extremely beneficial; especially in those fields of 
electronics where growth depends upon the convergence of several apparently- 
differing technologic o. 

2.2 TASK B - TAPE CHIP CARRIER (TCC) DEVELOPMENT 

The emphasis over the past six months has been to continue refining 
existing processes, and to initiate new processes and equipment designs in 
order to improve yields, improve product reliability, and increase produc- 
tivity. This expanded view of Task B and its goals resulted in faster, better, 
and more versatile methods for many of the tape and wafer fabrication steps. 

The main approach has been to process at least three to ten tc.pe 
strips at a time, of increased lengths ranging from 14 inches to three times 
that (or 42 inches), instead of the individual one-tape-at-a-time means. 

Still other approaches allow the initial processing of uncut tape carriers with 
special reel-to-reel stations. The usage of larger tanks provides the ability 
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to plate, develop, strip, and rinse more tape strips at a time, .and in a 
manner which is more effective than that used before. Special film handling 
fixtures, ovens, hangers, cutters, splicers, and cleaning equipment now are 
either in use or beir installed to better control and expedite the processes 
involved. Additionally, up-to-date digital- reading electronics equipment is 
being used, and wherever possible, standard 35-mm motion picture equip- 
ment is employed. 

2.2.1 Tape Process Refinement 

The general processing procedures for tape carriers basically remains 
the same, with changes made mainly with respect to the use of new, more 
effective equipment, and increased tape strip lengths. With reference to the 
block diagram of Figure 2-20, and beginning with the initial cleaning step, 
a reel-to-reel station (shown in Figure 2-21) is being used to run continuous 
uncut or other strip lengths as desired through special felt pads, saturated 
with a cleaning solution (Ammonium Persulfate); then onward through an 
atomized distilled water spray rinse ( shown in Figure 22) or into a distilled 
water bath. 

Tape Photolitho graphy 

The drying or photoresist prebaking of the tape can be done ten at a 
time, using any length up to 42 inches, within either the standard Blue M 
oven (shown in Figure 2-23A) or within the film drying oven (shown in Fig- 
ure 2-23B), secured by means of a special hanger. These process improve- 
ments provide greater tape throughput with much less handling time, thereby 
permitting increased yields. 

Roller- coating wet photoresist with the Gyrex Type 9 Nlicrocoater 

( 2 ) 

remains the same as reported in the Interim Report , (Figure 2-13, 
page 2-27), except that a fixture has been added (shown in Figure 2-24) which 
accepts 14-inch tape strips in lots of 10 for baking-on the photoresist, and 
for transporting the strips between labs. With this fixture, less oven space 
is needed, and less handling is required; but moreover, there is no more 
damage due to sliding strips. To better achieve the 1 4- inch- strip capability, 
a special cutter has been constructed (shown in Figure 2-25) to accept reels 
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Figure 2-20. Updated tape carrier process flow chart. 




















Tape chip cainei leel to reel 
pre-cleaning. 


Figure 2 22 Atomi/ed spray rinse station 










of tape as received from the vendor in lengths up to 1000 feet, to measure 
out the strip lengths desired, to repeatedly cut these strips square, and to 
hold the free end from the reel ready for the next cut. The cut strips are 
of equal lengths, and the entire cutting operation takes place in a much 
shorter time period, and with less handling. 

Alternatively, a new concept of roller coating with 42- inch strips is 
being studied. The use of a transport tube (shown in Figure 2-26) will pro- 
vide a means of holding 10 strips around a six- inch-diameter plastic opaque 
tube, utilizing another outer opaque cover for traveling between labs, for 
drying, and when etching. This tube concept will be reduced to practice 
during the potential follow-on program to be proposed as Supplementary 
Agreement No. 3. 

The exposure station has been redesigned to accommodate a special 
vacuum frame (shown in Figure 2-27) which holds three of the 14-inch strips, 
and with more intense lamps replacing the previous 400- watt mercury vapor 
light source. Replacement of the mercury vapor lamp with a 4500-watt UV 
system has decreased the exposure time to less than half that required 
earlier (from 270 to 120 seconds). Usage of the new vacuum frame triples 
the throughput; but moreover, the three tape patterns etched into the frame 
provide the standard 35-mm sprockets and site supports to improve tape 
handling. This fixture also facilitates the use of 35-mm film photomasks, 
which are an attractive alternative to the usage of mylar sheet film photo- 
masks, in that the former includes inherently- built- in alignment accuracy 
brought about by pre- punched sprocket holes. In addition, being of standard 
35-mm film, they can be used for exposing tape by means of a closed-loop 
concept which permits hands-off, automatic program processing as shown 
in Figure 2-28. A digital LED displaying counter and opaque standard 35-mm 
leader tape are used here, together with photo-optical sensors (shown in 
Figure 2-29) to pick up the sprocket holes, to count between exposure frames, 
to count the number of sites exposed, and to shut off the system when the run 
is completed. This closed-loop concept is being investigated for implementa- 
tion during the potential follow-on program to be proposed as Supplementary 
Agreement No. 3. 
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Large stainless steel tanks with temperature controls and a dry 
nitrogen bubbler agitation system have been added for wet photoresist develop- 
ment, dry photoresist development, photoresist removal, and spray rinsing 
(shown in Figure 2-30). Each tank is capable of handling 10 or more 14-inch 
tape strips at one time to improve productivity. Moreover, usage of con- 
trolled heat and agitation permits more uniform and repeatable development 
times. The purpose of the agitation system in the photoresist remover 
solution is to accelerate the process; again improving productivity. 

Application of Shipley Type AZ1350J photoresist to the polyimide 
window to compensate for the M tent M effect (Interim Report^ \ para- 
graph 2. 2. 1, page 2-19) has been improved, both in its uniform coverage 
and its application speed. The liquid resist is applied by dispenser means 
to the five-mil stepped areas, rather then by hand brushing. A brush is 
used only for touch-up, and then with a single - stroke technique made possible 
by using window'- size, 6-to- 12-mm- wide brushes. Also, a new reel-to-reel 
tape handling station (shown in Figure 2-31), or a three- strip holding plate 
(shown in Figure 2-32) can be used. Both approaches reduce the handling 
time significantly, lessen damage, and thus again improve yield. 

Photoresist postbaking has been reduced from 125°C to 100°C, and 
is followed immediately by the dry resist lamination. The new temperature 
was selected for its compatibility with the new window coating method, and 
to be compatible with the 100°C lamination temperature of the Riston 
Type 218R photoresist. By laminating immediately, the Riston conforms 
better to the geometric step of the window, giving better protection from the 
etchants in lead-defining later on. Although either 42-inch or 14-inch tape 
strips can be laminated, the shorter length has a wider alignment tolerance, 
and thus permits achievement of the best yield. 

Tape Etching 

Etching has remained unchanged with continued use of the Chemcut 
Model 547 Spray Etcher. Two designs are underway however, to improve 
productivity. The design of a tape strip holder for securing the longer 42-inch 
lengths eliminates many of the taping and cutting operations presently required. 
The proposed alternative design is to process reel-to-reel with the Western 
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Technology Association Dynamil VRP 50 Spray Etcher (shown in Figure 2-33), 
using pneumatic or hydraulic atomized spray heads, with a motorized 35-mm 
motion picture rewind system. Usage of the atomized spray for the etching 
and follow-on Di-water rinsing steps will reduce liquid spray pressure on 
the leads, thus reducing damage and increasing yield. The atomized spray 
has been evaluated, and will be installed as a standard processing technique 
during the time period to be proposed as Supplementary Agreement No. 3. 

Visual inspection can be accomplished with separate tape strips, or 
as a continuous spliced length on a new reel-to-reel inspection station with 
a built-in 7-to-30X zoom microscope; built-in illuminator with intensity 
selection; adaptor selection for other IMI reels, standard 35-mm 400-foot 
reels, or 35-mm 1000-foot split reels and with either square, round, or core- 
type centers (shown in Figures 2-34A and 2-34B). This station increases 
productivity, and because handling is reduced, it also increases yield. 

Tape Plating 

A number of improvements have been made with respect to tape 
plating processes. These improvements result in better yield, and also in 
enhanced versatility. New gold and nickel plating tanks, complete with 
plating apparatus (shown in Figure 2-35), and an improved power control 
console shown in Figure 2-36) have been placed into operation for this pur- 
pose. Only the gold plating set-up currently is being utilized; both plating 
baths have been equipped to handle from six to ten 14- inch tape strips; to 
allow mixing of lead patterns; to provide capability for setting plating cur- 
rents on an individual basis, and to utilize temperature-controlled quartz 
heaters in combination with recirculating pumps to provide more uniform 
plating coverage. 

The concept of motorized tape- strip-holder agitation in each plating 
bath has been implemented to provide more uniform plating results, and the 
usage of liquid level sensors will prevent run losses caused by insufficient 
or unbalanced (evaporated) plating solutions. New Ph indication measure- 
ments now are used to assure better bath control, and all plating currents 
are indicated digitally and continuously lo reduce meter reading errors. 
Separate ten-turn counting dial controls are provided, along with a ten- jack 
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standard 35 mm movie reel, with center adapters 


for reel interchangeability 


Figure 2-34. TCC reel usage. 
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a. Capacitance testing of etched tape str »ps 



b. Measuring contact resistance of mounted f ape* 
strips with a Fluke Type 8502A resistance bridge 


Figuie 2 37 Plating set up/monitonng equipment 
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control |vt nel tor individualized selection and control of s^cific tape types. 

A capacitance test fixture (shown in Figure 2- *7 A) is being utilized to sense 
the etched pattern area so that initial plating current requirements may be 
determined more accurately. \ t'luke Type 8r»02A Digital Multimeter 
(shown in Figure 2- 'TIM is being used to monitor reductions in current which 
are required tor accurate platim control. Along with these measuring 
devices, three instruments \ re being used to check plated thicknesses so 
that specific plating time requirements max be determined. 1 hese include 
the Zeiss Light Section Microscope' (shown in I iguro 2- *8), the Sloan Dektak 
(shown in F igure* 2- ^9), and the l ype DD-7dO Deta scope (show n in F ig 
Figure 2-40). 

In an effort to further increase yield, the b.isic Honevw ell-designed 

, • > 

plating rack (shown, in tin* Interim Report . F'icure 2-14, pact 2-27) cur- 
rently is being redesigned, as indicated in F igure 2-41, to provide four 
add it ion a 1 plat in. p »sition s ( s as 1 1 be compat ible w it h the ten - st rip pro - 
cessing methodologies), to provide better individual contact capability, to 
be compatible with the ten- jack control panel circuitry, and to provide a 
hmgeable Velcro- strip latching cover for quicker and less damaging loading 
and unloading operations. 

Hughes tape chip carriers currently art* being produced satisfactorily 
with onlx gold plating over the etched copper. The addition of a one- micron- 
thick plated nickel layer between the copper and the gold is being investigated 
however, tor the purpose of preventing possible inter- diffusion of the gold 
and the copper, thus assuring lead integrity under potentially- adve rse environ- 
mental conditions. A continuing in\ estigation involving pull- strength testing 
of chips gang-bonded to tape chip carriers and to hermetic chip carriers will 
serve to determine whether addition of the nickel barrier layer will provide 
the best reliability and yield. 

The reel-to-reel station is utilized again for final visual inspection. 
Designs currently arc being made however, to co- reel etched and plated 
tape onto the standard IM1 reel (shown in F igure 2-42), along with 35-mm 
standard movie leader ,,f ilized as a separator. A splicing station (shown in 
F igure 2-4 3 ) is utilized to connect all completed and acceptable strips into 
a continuous strip. Much time is saved and potentially-damaging handling is 
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reduced as a result of utilizing co- reeling and splicing techniques; the tapes 
are: 

1. Now easily and safely stored within standard film cans (shown 
in Figure 2- 44), 

2. lake up minimum storage space, and 

3. Arc immediately available for use on the IM1 Model 207 
Inner- Lead Bonder. 


Wafer Bump Process Refinement 


Fabrication of a fountain- type plater (discussed in the Interim 
Report' 4- , Paragraph 2.2.2, pages 2-28/2-29) is progressing well. The 
major initial in-house design work has been completed, and assembly is in 
progress, as shown in Figure 2-45. Y he plater comprises three fountain 
stations, all fed from a non- filtered pump through three individual flow meters 
Two cups or fountains accept either three-inch or four- inch-diameter silicon 
wafers; the third cup is intended for any wafer three inches or less in size, 
t sable remnants which may be broken from expensive large wafer patterns 
(or which may be shipped in mixed form by semiconductor suppliers desiring 
to suppress their yield information), thus can be utilized effectively. I’ sage 
of smaller wafer sections is made possible by multiple wiring of parallel- 
connected individually- spring- loaded contacts, as shown in Figure 2-46. 

Other special features to improve bump uniformity, to minimize height 
variation, and to promote good bump shaping, include the following: 


1. An entrance chamber to create a more even and regulated 
pressure source, 

2. A finely-perforated baffle to partially regulate the pressure; 
and to provide a uniform vertical flow rate across the inner 
tube area, upward through the anode screen, and onto the 
wafer, and 

3. Large peripheral exit holes to assure more-uniform flow 
rate across the full wafer surfaces. 


These improvement are shown in the diagram of Figure 2-46. 

Outer anode contacts provide electrical connection without introducing 
contaminating contact materials which could affect the hardness (and thus 
the bond-ability) of the plated bumps. \ secondary pumping system includes 
in-line filters to recirculate the plating solution continuously, a nd to remove 
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loose particles. This system (shown in Figure 2-47) pumps the solution 
around the outside of the three cups and around a quartz heater. This outer- 
bath circulation permits usage of a single heater for all the fountains. In 
addition, the outer bath acts as a buffer to the natural atmosphere tempera- 
ture changes, and to the temperature changes of the cycling heater. As an 
added safety feature, this outer bath is used to sense and thermostatically 
control the temperature, and also to provide a level below which the system 
automatically will shut off. The result will be fewer unplated or thinly- 
plated bumps, currently caused by particulate contamination. 

Currently, studies are continuing in an effort to improve adherence 
of the drv-resist pattern -plating film. There have been some lifting prob- 
lems, contributing to partial loss of otherwise good chips. It is felt that a 
100°C preheating technique should be used on the wafer in a manner similar 
to that utilized for tape carrier strips ( Figure 2-20, step 13). In addition, 
other cleaning and drying methods may be used. The need for these latter 
improvements is based on results of research studies of thin film deposition 
precleaning techniques. Toward this end, a cascade rinse station, shown in 
Figure 2-48, currently is being added. 

2.2.2 1LD Process Refinement 

During the time period covered by Supplementary Agreement No. 2, 
Hughes received a Model-207 production- grade Inner-Lead Bonder, purchased 
from International Micro Industries (IMI), Cherry Hill, New Jersey as a 
capital equipment item. This equipment, shown in Figure 2-49A, was selected 
over the more- widely-used Jade Corporation inner-lead bonder after a 
thoroueh competitive evaluation involving relative versatility, flexibility, 
adaptability to hybrid microcircuit applications, operational reliability, and 
overall effectiveness. The close-up view of Figure 2-49B shows a bumped 
wafer in place, with the matching tape carrier strip superimposed in the film 
ca r riage. 

Checkout activities related to this machine were initiated during the 
first six-month period of this follow-on program, and have been continued at 
a relatively low level during the latter six-month period. Current Hughes 
tape chip carrier applications require only small quantities of inner-lead- 
bonded semiconductor devices. This minimized initial need to date lias tended 
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to discourage strong investment of relatively limited manpower toward 
detailed checkout of equipment which already has been proven effective in 
small quantity applications. As Hughes internal needs increase, ILB 
process refinement will be expanded. 

2.2.3 OLB Process Refinement 

During the time period covered by Supplementary Agreement No. 2, 
the combination excise /forming tool diagrammed in Figure 2-50 was designed 
and ordered through the Hughes Industrial Product Division (IPD), Carlsbad, 
California. An assembly drawing of this tool (which was delivered during 
August, 1979) is shown in Figure 2-51. 

Hughes has procured a manual Outer-Lead Bonder from IPD. This 
bonder, shown in Figure 2-52, may be used in either a pulse- reflow- solder 
or a thermocompression- bonding mode. It utilizes a Hughes thermocouple- 
controlled AC power supply and a Hughes welding head fitted with a tungsten- 
carbide square- ring bonding tool. The unit is designed to supply a controlled 
"Time- At- Temperature” heating pulse, with separate time, temperature, and 
force adjustments. Its operation, shown in the close-up of photograph of 
Figure 2-53, involves vacuum pick-up of the "spider" (excised chip with 
formed tape- carrier leads attached); placement of the substrate (in this case 
represented by the hermetic chip carrier) through light- beam alignment; and 
outer-lead bonding by foot- pedal action: as the foot pedal is depressed, the 
vacuum quill and surrounding collet is lowered until the "spider" die makes 
contact with the substrate, on which an appropriately-located "dot" of epoxy 
has been placed. As the pedal is depressed further, the collet makes contact 
around the OLB lead periphery, and sufficient pressure is applied to activate 
the digitally- timed power supply, either in a pulse- reflow- solde r or thermo- 
compression bonding mode. After pre-set heat and pressure is applied to 
make the bond, the preprogrammed power supply turns off, and cooling action 
takes place. At this time, the pedal is released, and the next "spider" assem 
bly may be aligned for vacuum pick-up. A typical outer-lead- bond to a thin 
film gold metallization pattern requires a tool temperature of 450°C, pulsed 
for one second at 17, 000 psi per bump. Stage heating need not be used in 
this outer-lead bonding process. 
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Figure 2 50. Combination excise/forming tool operation diagram 



0 030 i 0.002 TYP 


0 002 ± 0.002 TYP 


Figure 2 51. Combination excise/forming tool-assembly drawing 



This OLB concept reaciily will be adaptable to semi-automatic opera- 
tion when capital fundit becomes available. Hughes OLB activities cur- 
rently are confined to those which can be accomplished with the manual unit. 
Appropriate tools have been ordered to demonstrate OLB processing of the 
semiconductor devices listed as A, B, C, and D in Table 1-1. The remain- 
ing OLB tools (including those required to demonstrate TCC processing of 
STAR devices) will be procured as the need arises for their use. 

2.2.3. 1 l\ill- Test Re sults wit h Chip s Mounted in Her metic Chip Carriers 

During the first six-month effort under Supplementary Agreement 
No. 2, Hughes Type HCMP 1824 wafers (32 x 8 Static RAMS) were bumped, 
inner-lead- bonded, excised, and outer-lead- bonded to standard 24-lead 
comme rcial- style hermetic chip carriers to form pull test samples. The 
bumped wafers exhibited a 75- to- 90-grarp bump shear strength, with all 
failures occurring as chip-outs in the silicon beneath each bump. 

The size of the chip is 0. 117 in. x 0. 1 56 in., leaving a lead span of 
70 to 105 mils within the chip carrier. Lead widths at inner ends varied 
from 4. 0 to 4. 5 mils. Double-bond pull testing was performed at a rate of 
four grams- per- second, with the hook gripping in the center of the span. 

The mean pull strength of 122 leads was 53. 2 grams, with a standard devia- 
tion of 12.6 grams (n- 1 weighting). A histogram of the data is shown in 
Figure 2-54. A majority of the pull strength failures occurred in the lead 
itself, with only one bond lifting from tl.e chip carrier pad at 45. 6 grams. 
Other modes of failure included lifting at the inner bond, bump shearing at 
the thin film interface, and chipping of the silicon beneath the bump. 

2. 2. A Test/Burn- In Process Refinement 

All tape designs for semiconductor devices (listed in Table 1-1) 
utilized as investigative vehicles under this program include provisions for 
burn-in and functional testing after ILB, as discussed in Paragraph 2. 2. 5, 
page 2-54 of Report No. P78-549. The manual punch-out tools shown in 
Figure 2- 55a and 2- 55b are used to remove tape metallization shorts, and 
appropriate wire bonds are added where required. An example of the TCC 
tape punch-out sequence and resulting interconnections for plating, burn-in 
testing, and functional testing required for a typical CMOS device, is shown 
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in Table 2-8 and illustrated in Figure 2 -5b. Time/funding limitations 
prevented detailed invest igation and demonstration of burn-in/functional test- 
ing during this Supplementary- \greement No. -2 time period. Such demon- 
strations are vital to TCC technology implementation in many hybrid micro- 
electronics applications. For this reason, any follow-on program proposed 
bv Hughes for a potential Supplementary \greement No. 3 will be based 
strongly on refining and demonstrating effectiveness related to testing/burn-in 
aspects of the semiconductor devices mounted on tape chip carriers. 

2.2.*'* Hybrid Microcircuit Applications 

A Hughes -designed Digital Correlator Hybrid Microcircuit (Part 
No. 10405o8) used on an advanced-technology Air Force communications 
system has been selected for the first TCC process demonstration circuit 


TABLE: 2-8. KX AMPLE: OF TCC TAPE PUNCH-OUT CONNECTION 
SEQUENCE ( TYPE 342 CMOS DIGIT \L CORRELATOR) 


Condition 

No. 

Description 

Pattern Punch- 
Out and Wire- 
13ond 

Connections 

Remarks 

i. 

Original Tape 
Pattern 

( Figure 2-2 3a) 

None 

All metallization electrically 
interconnected to permit 
electrolytic gold plating 

■> 

4* • 

Burn-in Tape 
Pattern 

1 Tigure 2 -2 3b) 

Positions "A" 
Punched Out. 
Wire Bonds 
f, X-X" 
Connected. 

Interconnections remain for 
burn-in testing. Bias Voltages: 
5 volts from outside bar to 
ground; 10 volts from inside bar 
to ground. 

3. 

Functional 
Test Tape 
Pattern 

( Figure 2 -23c) 

Positions "B" 
Punched Out. 
All Wi* 

Bonds Broken. 

Probe Pins apply a + 5-volt 
signal between pad 3 and 
ground (pads 4, 13, 23, and 
31); a -5-volt signal between 
pad 24 and ground; and a 
-1-1 0-volt signal between pads 
1/2/20/21/22 and ground. 
Functional test outputs appear 
as specified levels at 
appropriately-numbered clock 
and signal pads. 
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♦ 5 VOLTS 


ground 




Figure 2-56. Tape Punch-out sequence. 
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under this program. As shown in the schematic diagram of Figure 2-57, 
this microcircuit is an excellent example to illustrate the economic need for 
TCC technology, since a single relatively complex CMOS LSI device (Hughes 
Type 1037342) is utilized ten times. The conventionally-wire-bonded ve rsion, 
shown in f igure 2-58, currently is being fabricated in the Hughes- Newport 
Beach SSPD Hybrid Microcircuit Laboratory. First- pass yield rates typi- 
cally are less than 50 percent, since the chips cannot be characterized 
functionally in a cost-effective manner prior to microcircuit assembly. 

Mechanically- satisfactory Type 342 wafers were bumped during the 
first six- month time period under Supplementa ry- Agreement No. 2, as 
illustrated in Figures 2- 59a and 2- 59b. The first- iteration patterned tape 
for this application is shown in Figure 2-60: this same tape is shown super- 
imposed over the matching bumped wafer in Figure 2-t>l. 

Several shortcomings were noted in this fir st- ite ration tape pattern: 
the longer diagonally- patterned runs were too narrow to achieve the rugged- 
ness of structure normally associated with tape carrier leads. In addition, 
overlay checkout between the ceramic- based interconnection network and the 
tape carrier network patterns was insufficient to prevent a minor offset con- 
dition. For these reasons, a second- iteration tape carrier layout was 
designed and fabricated. 

The single-layer thin film interconnection network (substrate) cur- 
rently being utilized (Figure 2-58) has been replaced by an equivalent multi- 
layer thick film network; the two metallization patterns and the dielectric 
pattern for this network are shown in Figure 2-62; a photograph of the com- 
ple ted multilayer network is shown in Figure 2-63. During the second six- 
month time period under this program, the ILB, excising, forming, and 
OLB efforts necessary to fabricate mechanical samples resulted in the tape- 
mounted digital correlator chips shown in Figure 2-64, and the completed 
digital correlator unit shown in Figure 2-65. Electrically-operating versions 
will be fabricated, and comparative yields between the TCC and wired ver- 
sions will be evaluated during the potential follow-on program which will be 
proposed by Hughes as Supplementary Agreement No. 3. 


2-73 








2-75 



a. FULL WAFER VIEW 


. 'a 


b. CLOSE UP VIEW 


Figure 2-59. Bumped Type 342 CMOS digital correlator wafe 










Figure 2 63. Screened/F.red multilayer network for digital correlator 
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2.2.6 STAR Wafer Application 


During November, 1978 telephone :c nver sations, cognizant MSFC 
personnel agreed to supoly mechanical waters and pad location masks so that 
Hughes wafer bumping activities on STAR devices could be initiated. 

For the initial baseline concept, it was envisioned that 84- pad 
hermetic chip carriers iHCCs) would be used. The layout drawing of this 
HCC package (Figure 2-66) shows a 0.470-inch square cavity. 

It was planned that gold-bumped STAR devices were to be bonded 
eutectically within the HCC package cavity during the Supplementary- 
Agreement-No. -2 time period, using either gold-silicon or gold-germanium 
preforms; after which one-mil gold wire interconnections were to have been 
made (both chip-to-chip and chip-to-package bonding shelf) by means of the 
Hughes Model 1460 Semi-Automatic Wire Bonder. 

Eight 1. 5- inch-diameter 38- pad STAR mechanical wafers were 
received from MFSC on 12 January 1979, together with metallization masks 
on 2-inc!i x 2-inch glass plates. During a January, 1979 visit by MSFC per- 
sonnel to Hughes- Newport Beach, program progress was discussed. It was 
pointed out that 3-inch x 3-inch masks are required to match currently-used 
Hughes aligners for wafer bumping, and that these masks should include pad 
metallization locations / sizes only; the scribe lines and/or actual intercon- 
nection metallization which appeared on the masks received (^om MSFC were 
to be deleted to avoid excess gold plating in unwanted areas. 

A second shipment comprising 3-inch x 3-inch masks was received on 
22 January 1979, but these also included the scribe lines /metallization pat- 
terra. Dur'ng subsequent telephone conferences with cognizant MSFC per- 
sonnel, :t was determined that the correct masks indeed were available; and 
that they would be shipped within several days. In the meantime, the wafers 
themselves had been sputter- coated with tungsten- titanium/gold. They were 
to be cry- resist-laminated, and then placed on "hold" pending receipt of the 
proper bump plating masks, expected early in February. 

Corrected pad masks for the 38- pad STAR mechanical wafers were 
received from MSFC on 5 February 1979. The eight 1. 5 -inch wafers which 
had been received from MSFC on 12 January, and coated at Hughes with 
tungsten- titanium/gola, developed micro- cracks, and some actually were 
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broken. Others broke after dry-resist lamination; a process which generally 
does not cause wafer breakage. The eight-to-ten-.mil nominal thickness of 
these 1.5-inch-diameter wafers apparently contributes to their relative 
brittleness in comparison to the 2-1/4-inch, 3-inch, and/or 4-inch wafers 
normally subjected to the wafer bumping process (nominally 1 2- to- 20-mils 
in thickness). 

Attempts were made to align larger wafer portions, so as to yield 
initial bumped chips. This proved to be impractical however, and additional 
wafers were requested from MSFC, 

These additional mechanical wafers, received during April, 1979, 
were handled with extra precautions to preclude breakage. Bumping of these 
wafers has been initiated; completion will be scheduled to assure mechanical 
checkout prior to receipt of electrically-operating wafers during potential 
follow-on efforts to be proposed under Supplementary Agreement No. 3. 

Time and funding considerations have precluded further effort related 
to STAR devices under Supplementary Agreement No, 2. In connection with 
potential follow-on efforts to be proposed for Supplementary Agreement 
No. 3, the wafers will be sawed (using processing discussed in Report 
No. P78-549^, Paragraph 2.2.2, page 2-43), and individual chips will be 
bonded eutectically within the 84-pad hermetic chip carrier as discussed 
above. Thor mosonically-bonded one-mil gold wire will form interconnections 
between chips, and between the chips and package. The gold bumps on the 
chips will permit monometallic ( gold-to-gold) interconnection bonding; 
this will eliminate the possibility of gold-aluminum intermetallic formation 
and associated problems. The wafers will be checked out for electrical 
continuitv ( open/ shorts) after bumping and before assembly. 

Wafer dicing and assembly will take place after these preliminary 
tests have been completed, so that testing may be performed at the package 
level. 

2. 2.7 Improved Packaging Recommendations 

A method for improved packaging of bumped STAR chips from tape 
carriers will be utilized under potential follow-on programs to be proposed 
by Hughes. As indicated in Figure 2-67, this approach involves hermetic 
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1C* ARE BUMPED, PLACED ON TAPE, TESTED, SCREENED. 

GOOD !C*t (ON TAPE) ARE EXCISED, PICKED AND PLACED INTO PACKAGE. 
STANDARD INTERCONNECT PACKAGES CONTAIN "INTERCONNECT ISLANDS" 

TO ACCOMMODATE ADJACENT TAPED IC*«. 

STANDARD PACKAGES TO BE AVAILABLE IN STEPS SUCH AS 2 X 2, 3 X 3, 4 X 4 . ETC. 


PKG 

COVER 


a, Datallad top view 


CHIP LEADS, 

ILB TO CHIP, 

TC BONDED TO "ISLANDS" 


EPOXY 

CHIP 

ATTACH 


STAR CHIPS, TCC 


b. CroM-Mctlon, STAR •tandar'd packaging 




c. Top vlaw of STAR array packaga 


Figure 2-67. Proposed STAR standard packaging. 




chip carriers which will be prepared by the addition of special interconnect 
islands. These ceramic islands, previously metallized with interconnection 
pads and brazed within the package cavities, will serve as receptors for 
the outer-lead bonding of pretested n spider" assemblies after they have been 
excised from tape carriers. 

Approaches such as this will aid in bringing about practical applica- 
tions for the STAR concept under development at MSFS. Further Hughes 
proposals will address problems of this nature; packaging approaches such 
as this will provide viable solutions to problems involving cost-factors deter- 
mination related to electronic subsystems utilizing LSI microcircuits such 
as STAR. 
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APPENDIX B 

HYBRID MICROELECTRONICS — COMPUTER PROGRAM TO 
CALCULATE SINGLE VALUED HYBRID COSTS 


00100 

00200 

c 

00300 

c 

00400 

c 

00500 

c 

00600 

10 

00700 

00800 

20 

00900 

01000 

30 

01100 

40 

01200 

bO 

01J00 

01400 

60 

01500 

01600 

70 

01700 

C 

01800 

80 

01900 

02000 

90 

02100 

100 

02200 

02300 

02400 

110 

02500 

17.0 

02600 

130 

02700 

02800 

02900 

03000 

03100 

140 

03200 


03300 

03400 

03500 

03600 

c 

03700 

03800 

c 

O39OO 

040O0 

04100 

c 

04200 

c 

04300 

c 

04400 

c 

04500 

c 

04600 

04700 

04800 

04900 

05000 

05100 

c 

05200 

c 

05300 

O54OO 

05500 

05600 

05700 

O50OO 

05900 

06000 

c 


"HYBRID MICROELECTRONICS | Colt Modeling Program" 
IMPLICIT REAL(K.L) 

This program computes the following values and 
outputs them at the terminal and into the data 
tile HYBRID. DATi 

FORMAT (/,» Complexity factor CC * F4.2,/) 

FORMAT (* Substrate fabrication cost C"sp 
2 = S F6,2./) 

FORMAT (' Assembly eost C"AT 

2 « $ », F8.2,/) 

FORMAT (* Recurring material cost CM s s '» Ft.,?./) 
format (* Total hybrid cost = $ *, F8,2,/) 

FORMAT (* Tape chip carrier cost differential 
2CTCC * S *, F8 , 2. / ) 

FORMAT (' Total hybrid cost with tape Chip 
2carrier = s '» FR,2) 


FORMAT (/,SX,' HYBRID MICROELECTRONICS MANUFACTURE! ») 
FORMAT (* Add computations based on tape chip carrier 
2 (TCC) technology? * (YES or NO)i $1 

FORMAT (5X» * Alternate casej Tape Chip Carrier *,/) 
FORMAT (5X» ' Alternate case selected! # ,/,5X, 

2* Effect of tape chip carrier (TCC) technology », 
if » 5 X , ' on hybrid manutacturlng cost! *,/) 

FORMAT (A5) 

FORMAT (* TCC included *) 

FORMAT (' TCC not Included *) 

TYPE 90 

ACCEPT 120. CASE 
IF (CASF.,EO,»YES»mPF. 130 
IF (CASE,EO,'NO»)TYPE 140 


I, GENERAL COST FACTORS 
BETA = -o,4 l Production volume exponent 

GAMMA*2,S 1 Production facility factor 
P 1 3 9 1 Non-recurr lng developmental costs t 

deveiopmental-to-manufacturlno cost ratio 
P2=3 1 Non-recurrlnq manufacturing costsi 

non-recurring to recurring manuf, cost ratio 
V* 1 0 1 Number of hybrids produced per year 

WR*1 2 l Wage rate, dollars 


II, SURSTPATE FABRICATION 
VALUES OF CONSTANTS AND PARAMETERS ! 

(STDH s Standard hours) 

Constants j 


COSa 30 

COEaO.124 

KT=0,205 

KQC=0,072 

KPRC)C=0,072 


1 Substrate material, dollars 
l Circuit processing. STDH 
1 Resistor trimming. STDrl x sq, in, 

1 Resistor trimming, STDH 
! K'QC, Quality control (QC) Inspection 
factor, non-dimensional 


Parameters! 

APR si j a*. Number of reworks before resistor trimming 
SPR *0 1 b", Number of reworks after resistor trimming 
AREA s 1,3125 1 Substrate area, square inches 

NCs45 j Total number of chips 

DELTAC s NC/AREA 1 No, of chips/square inch 

nr= 30 j Total number of resistors 

DELTAR * nr/area i No, of reslstors/sq, m, 
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OfciOO 
06200 
06300 
06400 
06500 
06b00 
06700 
06800 C 
06400 C 
07000 
07100 
07200 
07300 
07400 
07500 
07600 C 
07700 
07 8 00 
07900 r 
0 8 000 
08100 C 
08200 C 
0 8 j 0 0 C 

08400 C 
08500 
08b00 
08700 
08800 
08900 
09000 
09100 
09200 
09300 
09400 
09500 
09b00 
09700 
09800 C 
09900 
10000 
10100 
10200 
10300 
10400 
10500 
10600 
10700 
10800 
10900 
11000 C 
11100 
11200 
11300 
11400 
11500 
11600 
11700 
11800 
11900 
12000 C 


DELTSRa5 , 4E-4 

TR*5 

SZ=0,5 

DELTAP a 16 

DFPMAX=14 


1 Delta-SR, area of resistor hybrid area 
1 Inverse of tolerance 
i Hybrid size factor 
I Number of pads on IC 
l Delta-Pmax, maximum no, of pads on IC 
LWao,75 l Line width factor 
CCa, 0055 *(DELTAC*DFLTAHH, 007 1*DEPMAX*«1 ,1 
(Hybrid complexity factor (Medium complexity]) 
FAHRICATION STEPS! 

CS s C0S*SZ J Substrate material cost 

CP s coe*cc*LW j Circuit photoetching processing 

CQC a K0C*CC*SZ { tic Inspection cost (I) 

CPRQC s KPROC»CC*SZ l QC inspection cost (II) 

CO a 0,024 l Cutting substrate to size 

CRT a KT*DELTSR#DFLTAR*TR t Resistor trimming 

Substrate fabrication cost* volume-independent! 

CSP a (1+APB*RPR)*(C5+(CP*CPRQC)*WR) 

2 ♦ (1 *BPR ) * (CH+CRT+CQC ) 

Substrate fabrication cost C'SP, volume-dependent! 

CPRSP a CSP*(Pl*P2*l )*cc*gamma*v»»h?:ta 


III, ASSEMBLY and testing 
VALUES OF CONSTANTS AND PARAMETERS 1 
Constants! 


COPT*0,033 
ALPHA a9,5E-3 
B a 6.6E-4 
Da0,0033 
KQC 1=0,086 
GaO , 95 
GPRsl , 2 
H=0 ,025 
KQC2=0.51 
L=0,186 
GPR231 ,38 
HPReO ,044 
KQC3=0 ,02 


1 Pre-tin, STDH 
l Chip bonding, STDH 
I b, wire bonding constant, STDH 
1 d. Non-destructive pull test, STDH 
J Pre-seal QC Inspection, STDH 
1 g, Pre-seal electrical test* sTDH 
l g*(. Pre-seal troubleshooting, STDH 
] h, Pre-seal rewortc, STDH 
] Pre-seai QC Inspection, STDH 
l Proportional constant, sealing, STDH 
1 g", Post-seal troubleshooting, STDH 
1 h®» Rework after sealing, STDH 
1 Final QC inspection factor, STDH 


Parameters! 

NTRj«4801 Total no, of transistor junctions of iCs 
NTRDa ) 3 j Total number of transistors and diodes 
NCAPa2o i Total number of capacitors 
NC ICaf 2 I Total number of ICs 

nWre 640 l Total number of bonds 

TYat i Package type (Butterfly = 2» HAr-PAC » l) 
Q*10000 1 Number of packages per lot 

CLPRai ,70 J C*L, Average cost of a package lid, dollars 
N i to In, Number of reworks before sealing 
NPR a l 1 n®, Number of reworks after sealing 
H«1 1 m, Die attachment factor 

(1 * epoxyi 2 » moiytab) 

F«0 , 4 1 f, Fraction of other connections 

R*1 1 r, Reliability level faetor 

AVNTRJ»40 l Average no, of transistor junetions/chlps 

Gl«0,t 1 gl, Fraction of chips reworked before sealing 

G2«o ,05 1 g2, Fraction of bonds reworked before sealing 

GlPRao.021 g*l, Fraction of chips reworked after sealing 

(»2PR»o ,004 lg *2, Fraction of bonds reworked after sealing 

CLRaO , 2 I Rework due to lid substitution, STDH 

CTT“0,221 Acceptance test, STDH 

ASSEMBLY STEpS| 
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i. 


J. 


12100 C 
12200 
12100 C 
12400 
12500 C 
12600 
12700 C 
12800 
12900 C 
13000 
13100 C 
13200 
13300 C 
13400 
13500 C 
13600 
13700 C 
13800 
13900 C 
14000 
14100 C 
14200 
14300 C 
14400 
14500 C 
14600 
14700 C 
14800 
14900 C 
15000 
15100 C 
15200 
15300 C 
15400 
15500 
15600 C 
15700 
15800 C 
15900 C 
16000 
16100 
16200 
16300 
16400 
16500 
16600 C 
16700 C 
16800 C 
16900 C 
17000 C 
17100 C 
17200 C 
17300 C 
17400 
17500 
17600 
17700 
17800 C 
17900 
18000 


Pre-tlnning cost! 

CPT s Sz« CO pT 

Substrate bonding! 

CBS * 0,12 

Chip bonding eosti 
CBC * M»ALPHA«NC 

wire bonding eosti 

CWB * B»( (DELTAP#MCIC+2*(NTRD+NCAP) )*(1*F) ) 
Non-destructive pull test! 

CND ■ D«(R»NWB) 

Visual QC inspection before sealing! 

CQC1 a K0C1*CC*SZ 

Electrical testing before se a u n gj 
CEPS ■ N*r,*AVMTRJ**0, 1«CC 

Troubleshooting before seallnyi 
C T ROB c N*GPR«AVNTRJ*#O t 1#CC 

Rewording betore sealing* 

CRWR a N#H*(G1*NC+G2*NWB) 

2nd visual GC inspection before sealingt 
C0C2 a KQC2*CC»SZ 

Sealing cost! 

CS^ a L*SZ 

Acceptance test after sealing* 

CACT = R*CTT 

Troubleshooting after sealing! 

CTROA a NPR*GPR2*AVNTRJ#*0 t UCC 
Rewording after sealing! 

CRWA a NPR*(HPR*(GlPR*NCtG2PR#NWB)*CIiR) 

Final quality control inspection! 

CUC 3 a KQC3* S Z 

Other steps! 

CD a 0,25 

Assembly cost, volume-independent i 
CAT a (CPT*CBS*CBC*CWBeCND+C(5C 1 ♦CEPS+CTBOB + CRWH 
2 ♦CQC2+CSL*CACT+CTPOA*CPWAK , OC3+CO)*WP 
Assembly cost C'AT, volume-dependent! 

CPPAT x CAT*(Pl+P2M )»CC*GAMhA#V**BETA 

IV, RECURRING MATERIAL COST 
CPa23*TY*SZ*EXP(.7F-6*G) I Package c 0 st 
CCCaO, 1 3#NTRJ+0,80«UTRP 1 ChlP cost 
2 ♦ 1 , 6 *NC A P 

CLaNPR*CLPR J Package lid cost 

CMcCP+cCCeCL 

IF (CASE.RQ, 'N0»)GU TO 200 


V, TAPE CHIP CARRIER COST FACTORS 
Subst ltut Ions | 

CEPS >> (0,7 )CEPS 
C R WR >> (0,6)C r WB 
CBC >> (0 ,9 )CRC 
CWB >> (0,5 )CWB 
CND >> (n,3)CND 


U = 2.75E-2 


CTC « U«NCIC 
UB a 9.5E-2 
CBP a UBeNCIC 


1 


u, Chip testing constant, STDH 
I Chip testing cost with TCC 
t uB, Cost of bumping one chip, I 
1 Bumping cost, dollars 
Cost differential of tape chip carrier! 

CTCC a (((0,7-l)#CEPS+(0,6-n*CRWB+(0,9-l)*CBC 
2 +(0,5»l)*CWB+(0,3-l )*CND*CTC)*WR*CPB) 
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18100 


4 *<P1+P2+1 )*V*»BETA 

18200 

c 


18400 

c 

VI, TOTAL HYBRID COST 

18400 


CH 3 CTCC*CPRSP*CPRAT } With TCC 

18600 

200 

COST*CM+CPRSP+CPRAT 

1 8t>00 

C 


1 8700 


TYPK 10#CC 

18800 


TYPK 20»CPRSP 

t 8000 


TYPK JO »CPRAT 

1 9000 


TYPE 40fCM 

10100 


TYPK 50>C0ST 

10200 


OPFN (UNIT*2l #DEVICE=DSK# FILKs 'HYBRID, DAT*) 

10400 


WRITE (21*80) 

10400 


WRITE(2t#10)CC 

19S00 


WRITEI21 »20)CPR5P 

1 0600 


WRITK(21 » JOJCPRAT 

t 9 7 0 0 


WRITE(21 *40)CM 

10 8 00 


WRITE! 21 #60 1C0ST 

19900 


IF(CASE,K0,'N0*)C>0 TO 300 

20000 


TYPE 100 

20100 


TYPE 60 #CTCC 

20200 


TYPE 70 #CH 

20300 


WRITE (21#1101 

20400 


WRITE (21#bO)CTCC 

20500 


WRITE(21 #70 )CH 

2 Ob 00 

300 

EMU 


> 


► 

* 
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APPENDIX C 


HYBRID MICROELECTRONICS - COMPUTER PROGRAM TO 
CALCULATE HYBRID COST MATRICES FOR THE 
GENERATION OF COST SURFACES 





— 





00100 c 
00201 / c 

00300 C 
0040C C 
0 0 5 0 0 C 

00600 C 
00700 C 
00800 C 
00900 
0100O 
01100 
01200 
01300 
0 1 4 0 o 

01500 1C 
0160t 

01700 20 

01B00 30 

01900 40 

02000 50 

0210c ou 
02200 
023 0 u 
02400 
02500 
0260O 
02701 
0 ? 6 0 0 
02900 
03C0C 
0710C' 

03200 

03300 C 

0340c 

0350 0 

03000 

0370c C 

03/500 

03500 C 

0400C 

04100 C 

04200 C 

04300 C 

04400 C 

04500 C 

04600 

04700 

0480O 

04900 

05000 

05100 C 

0520c C 

05300 

05400 

05500 

05600 C 

05700 

05800 

05900 

06000 


"HYDklD MICROELECTRONICS: matrix Program" 

This program, generates a matrix to he used to plot 
hybrid microelectronics fabi icatiori costs as i tunction 
of two variables (selected fabrication cost factors) 
on a 3u surface using the Thermal Process of the 
Anal ysis« subsystem of CAD. 

(Fortran subroutine called: bCiiFiL; execute C(iuiu.ana: 
EXECUTE MYBMAT.FOR/REL t SUP./l. 13 ) 

IMPLICIT °EAL(h,L) 

1‘iTPGPk IFL'M/J 
DIMENSION 1PPM(3)/ F.NA!-.K(5) 

1)1 v Eft SI ON CI1ST( C 0/50) 

Rf’AL*« P1I.MA.M 
DATA JFLU/20/ 

format ( //5X/ • hybrid t-, icRiJhLhC‘ p :<i)hics uvufajiukf : 
2Mat.rix Generation ') 

"OR MAT (' Enter outout tile name : ' , i) 

FORMAT (5&b) 

FIJ4MAT ('ITEST') 

FOR" AT (LOG) 

FORMAT ('*') 

TYPE 10 
TYPE 2C 

ACCFPT 3 W Fa AMP 

C A L y PCPFTL ( p U f M r ./ 'DAT'/ "IPitl, Tnp;.) 

OPE V (IJV1T=IFL0 / ACCESS = 'Sr. Qu n T'/ MODE = 'eSCl 1 '/ 
lFlLE=FTUPAPy J IkFCTUPY = 1PP ”/ b ISPUS a='SA VE ') 

N°ITE( IFLt!,4u) 

rm loo 1=1/50 

DO 1(0 J=1, C C 
M C= 5 * T 
t=J*2 

1. GENERAL C u S T r „ 0 T U P s 
BETA = -0.4 ! Production volume exponent 

GAi4 M A=2 .5 ! Production facility tact or 
Pl=.) I Non-recurring developmental costs : 

deveioppental-to-manuf acturir.g cost r itio 
r7-t f Non-recurring nanui >cturing costs: 

non-recurring to recurrim nanuf. cost ratio 
*R=12 ! Wage rate/ dollars 


ii. s m s t p : t n F' nr T?A T xn. 

VALUES OF C0.NSTANT5 A No PAP Anc PEPS : 

( STDII = Standard hours) 

Constants: 


COS=30 
COE=0.124 
KT= 0.205 
If QC =0.072 
X?«OC=0.o72 


! Substrate material/ dollars 
! Circuit processing/ STUB 
• n esistor trim.nir;q/ S tom x sq. in. 

I °esistor trimming/ STb!l 
! K'QC/ Quality control (QC) inspection 
factor/ non-dimensional 


Parameters : 

APR =1 ! a'/ Dumber of reworks before resistor trimming 
BPR =C ( b'/ Number of reworks after resistor trimming 
A°EA = 1.3125 ! Substrate area/ square inches 

!JC=Total number of cnit s (matrix element) 

DELTAC = WC/AKEA ! No. of cnips/squar e inch 

NR=3G • Total number oi resistors 

DELTA 0 = NR/A°EA ! No. of resi stors/ sq. in. 

DELTSR=5 .4E-4 ! Delta-S?./ area of resistor nybrid area 


j 

s 

i 




\ 


i 
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06100 
06200 
06300 
06400 
06500 
Q6bOC 
06700 C 
06800 C 
0590u 
07000 
07100 
0720U 
07300 
0740 0 
07500 C 
0 7 b 0 G 
07700 
07 80 u C 

07 900 
OdOOC C 
09100 c 
0920C C 
083 Du C 
08400 
0850c 
08600 
0 8 7 0 C 
0880c 
08900 
0 9 0 0 u 
08101 
0^20 0 
09300 
09400 

09 50 0 
0 9 b 0 0 
0970C C 
0980 0 
09900 

1 0 0 0 0 
1010c 
10200 
1030c 
10400 
1 050 u 
lObJC 
1070U 
lObOu 
10900 C 
llGOl 
11100 
11200 
11300 
11400 
11500 
1160 c 

11700 
1 1 80 C 
11900 C 
12000 C 


TR=S 
S7, =0.5 
ObILTAP = 16 
l)EPMAX=14 
LW=0.75 ! Line 


? Inverse o f tolerance 
! Pybi Id si ze factor 
I Number of pads on iC 
f Delta-Praax, maximum no. 
width factor 


of pads on 1C 


CC=.0C55*( DEL TAOPfcX TAP ) + .0071 *nKPMAX**l . 1 
(Hybrid complexity factor C M ediuu co mplexi ty 3 ) 
FABRICATION STE^S: 

CS - CGS* SZ I Substrate material cost 


CP - CUK*CC*U ! Circuit 

cue = K:jc*cr*sz ! 

CPRQC - KP RRC *CC * SZ ( 

cn = 0.024 l Cutting 

TRT = KT*DSLTSk*DFLTAR*T.{ 

Substrate fabrication cost/ volume-i ndenend^nt : 

CSP = (1 ♦ AP n+PP n )MCS+CCp + CpfcQC)*rth ) 

2 % Mi+dPk)*(CU + CrtT + rur)* tt 7 

Substrate f aorication cost C # SF, vo 1 ume-depe n lent : 
CP PSP = CSP*(Pl+P2 + l)*Cr*G*f :i A«V**b^T* 


photoetching processing 
QC inspection cost (i) 

UC inspection cost (11) 
substrate to si?e 

! kesistor trimqiin.. 


in. ash r n l 
VALUES OK CONS TAMS 
Constants: 

COP T=0 .0 33 
ALPHA =o.*?t;-3 
i\ = 6.6P-4 
n=0.0C33 
KUC 1 = C • 08*7 
o=0 .95 
GP F=1 • 2 
U = C . t 25 
KOC7=0.51 
L-0 . ibb 
GPP2=1 .3b 
H»K=0.044 
Ff)r3=0.02 

Parame te rs : 
NT«J=480| Total no 


y 

AML / 


A N U T r. 

{• AK AiV F'lTFlS : 


s r i 


c 


c're- t i n, S I Hi 

Chip bonding, S T D” 

b, #,ire bonding constant, FI Oh 

d/ Von-destruct ive puli test/ S^l)*' 

Pre-seal >)C insnection, STj , 

0/ Pie-seal electrical test, ST n n 
/s Pre-seal troubleshooting 3TU» r 
n, Pre-seal rework’/ S^U" 

Pre-seal 9C insnection, STD ! 
Proportional constant/ ^calini, b m u' 
j", post-seal t rounl esnoot i S ink 
h'/ ixework alter sealing/ S iDB 
Final ()C inspection ract.or, SUP 


ICs 


of transistor junctions o- 
flTRO=13 i Total number of turns is tors* and di u ies 
;;CAP=20 3 Total number ot capacitor 0 ’ 

N C 1 c = 1 2 ! Total number ot Ifj 

N"7B = t)40 ! Total number of bonds 

TY = 1 i Package typf» (Butterfly = 2} HAC-^a;: = 1) 

0-10000* Number of packages nee lot 

CLPR=1.70 ! C'L, Average co^t of i n.jcitage 111/ dollars 
N = i 0 ! n / Number of reworks oefore sealing 
NPP = i ! n*V Number ot reworks a f ter seal iny 
M=1 ! m/ Die attachment factor 

(1 = epoxy; 2 = niolytab) 

F-0.4 i f/ Fraction of other connections 

R - 1 * r / Reliability level factor 

AVNTRJ=40 I Average no. of transistoi junc t ! ons/chips 
Gl=0.1 3 gl/ Fraction of chips reworked before sealing 
G2=0.05 ! g2/ Fraction of bonds reworked before sealing 
G1PR=O.02! g'l, Fraction of chins reworked after sealing 
G2P R=0.0u4! g'2, Fraction ot bonds reworked after sealing 
CLR=0.2 f Rework due to lid subst i tu tion/ STD',! 

CTT = 0*2-?! Acceptance test, STOP 
ASSEMBLY STEPS: 

pre-tlnning cost: 
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12 i 0 C 
1220b 
12300 
1240 c 
1 2 1> 0 0 
1 260 l 
12700 
12BOC 
12^0u 
13000 
13 1 Oi 
1320b 
1330 i 
1340 b 
13 b 0 c 
13 o 3 b 
137 CC 

13 PO.; 
139 'K 
1 4 C 3 < 
lUCc 
1120 ^ 
1133 * 
1440 b 
1 4 5 o c 
1 Icj’H 
11731 
1 *> 0 v. 

14 

1 5 0 0 i, 

i^lCv 
1S20C 
1 S 3 0 1 
15 4 01 
1 5 b 0 i 

15 b 0 w 
157 00 
l^JOc 
1*590(, 
1603b 
1610b 
1520b 
Ib 3 ui 
1640 0 
16501 

1 6 b 0 b 

1670 v 

1 6 C 0 < 




o 

C 

c 

0 


c 

0 

0 

0 


r 

c 

0 


b 


c 


IbO 

c 


rPT = SZ*CQPT 

dubstrate bonding: 

CriS = 0.12 

Chip hording cost: 

CRC = M*AU ,l U*NC 

rtire bonding cost: 

rv, 3 = a*((DEL T Ai^* , CT02*(VT9u+V|C>\^))*(l+c )) 
,ion-destruct i ve pull test: 

C'JD = L>*( r *MWP) 

Visual QC inspection before sealing* 

C3C1 = l*cr*S2 

Electrical testing before sealing: 

CK PS = M*Q*AV' , TPJ**G.1*CC 

Troubl esnoot ing before sealing: 

Crvij j ^ s*GPX*AV*TrVJ**0.1*CC 

neworkin* before seilinc: 

2nd visual QC inspection K e^ore seal lag: 

C Q C 7 - KwC2*cr*S7, 

deal in 3 cost : 
rilL = L*d/ 

•xccentancp test itter sealing: 
c :c r r n * p r *** 

iroublesnootin.j a'tet seal in.,: 

('”.<11 A ■= »r>K*UI > R' , *4v'!T.^o **0. ] * r C 
<* i»orkinj after sea ’in.;;: 

Clt. A = .Vf * rhPR* (iU! J { *»r+C2»'K*-;Aa)+a.P) 

Pinal 'jUalit* control inr.nert.ion: 
c:,;n = «'^r3*sz 

Jtfier ste,.;: 

Cl) = r ,2 - j 

ArrnniM/ cort/ volume-independent: 

c* " - (cr T +CBs+cr.c+C/'f'<-ci,r*+cuci+c' 7 PP+CT n u | t+c i-.d 

2 ♦ C-rf r, 4-CSL ♦ C A C’+CT'-’ UA + f ' tor.' Uflj) *'•!;< 

.'ssanMy cort C*AT/ voiurce-'lenendent : 

C n A * T = C •’> 1 * ( D 1 ♦P2*l )*CC*Ga‘V. ‘ * V**t. ■ I'D 

IV. I. V r {) ;< i? r *1 G V 4 T jr > T A L " t S T 
C r> = '>3*iY*Si*K : <P(-7::-b*u> ? Package cost 
ccc=o.i3*‘ir n Jtc . fa c * t »^ r» ! cvu> coot 

2 +1 . fv ''CAt‘ 

Cl.= *Ii’n*ct,c*i< ! Package lid cost 

-CP+CCC+Ct 

C'lS^CJ, I)=CV♦<’t'SSP^■Ct'RA ,,, 

rt D I TK( iPLH, SO) COST 
V '’lTuaPL n, /o0 ) 
c."n 
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APPENDIX D 

PRINTED WIRING BOARD (PWB) - COMPUTER PROGRAM 
TO CALCULATE SINGLE VALUED PWB COSTS 


5 


i 

i 









00100 

00200 

00300 

0040c 

•00500 

00600 

00700 

ooeoo 

00900 
01000 
01100 
01200 
01300 
01400 
01500 
0 1600 
01700 
01600 
01900 
02000 
0210C 
02200 
02300 
02400 
02500 
02600 
02700 
026:0 0 
0290 0 
0300u 
03100 
03200 
0 330c 
0340C 
03500 
0 3 o 0 0 
03700 
03b0u 
03 9 0C 
0400c 
0 4 1 0 C 
04200 
0430c 
044 0 0 

0 4500 
0460c 
04700 

0 1 BOO 
0490c 
0500 G 
05100 
0520C 
0530c 
0540 0 
0550U 
05600 
0570C 
05600 
0590C 
06000 


C M PWR MANUFACTURING: cost Modeling Program" 

REA I. K,Nl,N2,N3,M 
DIMENSION 1PPN(3),F0RM(2) 

DOUBLE PRECISION FiLNAN 
EQUIVALENCE ( CASE,FHRM( 1 ) ) 

DATA FOOM(2)/0/ . 

DATA IFLU/20/ 

C This program computes the following values 

C and outputs them at the terminal an4 into 

C the data file 'special-case-name. "a 11 ' 

C (FORTRAN subroutine called: DCOFIL; execute 

C command EXECUTE PWiiMAN.^OR, »E( : S'CVEi 1 '): 

10 FORMAT (/,* PFB fabrication cost C" MF A3 = S ',Fb.2> 

20 FORMAT (' PWu assembly cost C""A = $ *,F6.2,/) 

30 FORMAT (' Recurring material fabrication cost; Cfc.-F ' 

2 * = $ ', F7.2) 

40 FORMAT (' Recurring material assemoly costs c A ', 

2 * ' = $ F7. 2// ) 

50 FOP MAT( ' '"‘abr (cation complexity tact or CCFA3 = ',F5..s 

oO FORMAT (' assembly complexity iactor CCA = ',.*‘5.3,/) 

70 FORMAT (' TOTAL MANUFACTURING COS- '•RVU - 5, F8.Z,/ 

C 

10O FO|<"'AT (/,' p ni VT P D rilHlNG d US in M A I UP ACT*! P r : ',/) 

200 FORMAT (' Flease select either of the following 

2 'as a special case : ',/,5Y, ' n ARRI (Carrier) *, 

3 5X,' DIGIT (Digital) ',/, 

4 'if neither type NONE: ', ') 


210 

FORMAT 

(A r ) 



220 

fopmat 

(5X,' 

Special 

case s a 1 set*-*: '/ a*5 ) 

no 


(5X,' 

Output 

t i lo nane: */M0 ) 

240 

fop mat 

(5X, ' 

(CAKP.I 

- Carrier; 4C1T ■= nigitai) ’) 


T vpM 100 
Tvpp 200 
ACCEPT 210, CASE 
TYPE 220, EASE 

CALL PCDFIL (rASt,'DAT',FTL > ‘AV,IP n N) 
TYPE 230,Fir;tA.‘i 
C 


c 

I • C C* N L 

K A 

L. 

C US 'l t A C T h |» S 


K = 0.35 


! 

SI ope 


PPF •= 22.4 


! 

Facility size factor (inter:e t t 


PM = C.2 


f 

Fraction of non-recurring a jsem 1 

c 




engineering costs 


•>».? = 6.35 


! 

Fraction of non-i ecurr ing a,jteri 

c 




assembly costs 


PF1 = 0.2 


i 

Fraction of non-r ecurring 

c 




engineering costs 


n F2 = 0.25 


f 

Fraction of non- recurring 

c 




mater i als cos ts 


V = 50 


i 

Yearly production volume 

r 

SF = 0.5 


i 

Size factor/ area 

V* 

c 

II. F A it R 

I C 

A 

T 1 0 N 

c 

FABRICATION 

COST 1 

p ACTOKS: 


CLEAN = C.5 


I 

Clean! ng factor/ n WH 


CMF = 1 


! 

Complexity of masking operation 


CPB = 0.015 


1 

Post-bake cost 


HD = 25 . 


1 

Hole density 


HOS = 3 


! 

Number of different hole sizes 


HN = POO 


i 

Number of holes 
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S2tt 


06100 


HS = 32 

1 Hole size 


06200 


LS = 10 

f Line spacing 

***»■» 

0630V 


L« = 12 

\ nine width 


06400 


N I = 10 

! Number ot inspections 

SS28 

0 6b!)0 


IF (CASE.EU.'CARRI ')00 TO 250 


06600 


ML = 6 

I Number of layers 


06700 


on TU 260 


'T 

0680V 

2b0 

A = 0.37 

\ CAH^r coefficient 

Orb 

0690 C 


ML = 6* A 


07000 

2*0 

jjoHTC = 3 

! Number ot retouchings, copper 


0710u 


N”HPL = 1 

! Number ot rep latinos 


07200 


MRP HR = 5 

! Number ot photoresist re touan ing s 


07 30 0 


N'T = 60 

! .Number ot ter-nina’s 

CJ-fcf 

07400 


7 4= 40 

! Pan si ip 


0750C 


PSP = 1 

f Press cycle factor 

•*- T* 

0 7 6 0 1.‘ 


P’lJA =30 

! P M b area, square inches 


1)77 0 0 


OH? ? 0.5 

! Hole qual i t y factor 

«* * 

07tl0c 


U PL r = 0.5 

1 Platin* juslity factor 


0790c 


TAJIK = 1 

! Adnes i ve t yne 


0«00l 


rrc = l 

! Curing c ycl* 


0813v 


I’CWF = l.l-jV-2 

! Copper thickness f actor, S 1 ,n/ ou nco 


0 P 20C 


TMSF = 1 

! Type oi neat sink 


0^30 v 


r»»r) = 1 

! Type ot iii^rkm; 


0 343 0 


rv p = l 

1 I y c e o f .ii a t e r i a ] 


03 60u 


TR = (.05 

! Drilling tolerance 


0 q ci 0 C 


TV.< = 0.6 

! Typ° ot photoresist 


08730 


'•:cu = 2 

! weight oi copoor, ounces 


0 3 8 0 0 


A = 0.23 

! Drilling tolerance ( l ".' ) ex L -* irier. t 


0 ** 9 0 0 


ALPHA = 1 

! C f;’KAH exp orient 


0 HO 0 0 


liFTA = 1 

! CCP AH exponent 

* 

09100 


GAM '-'A = i 

1 CCt Ati exponent 


0920O 


U'\LTA = 1 

! CCh AtJ e xp one n t 


00300 


CCFAL ,= ( 1.l- 3M^+C.67*(1 ./L +1 . /L r 0 1 * * AL P ,J A ! /.jur ic.it i on 


09430 


2 + 3*U/P6)** 

o F T A + t * ( 1 / Si f> 3 * * .'A v 9. A ! 1 OX J t y 


015CC 


3 +0.0125* 

NL**it r LT A • : actor 


00 60 0 

C 

FABRICATION STK n S: 

. . 

0970., 


CCLF = 0.0 133* NT 

1 lot soak cl eanin * 


09ti0c 


CPi' = . lo*TVR*SF**'L ! photoprint 


09?0( 


r-.Tr = CPF AH *C • R6*NL *T('OR* .'r j i etching 


lOOOo 


C'R - b. Sf-r*nl*CCFAj • photoresist :> tripping 


10100 


C^./s = -1.2L-3MO 

l t. Hanoi treatment 


10200 


CLAM = 2 ,5h-2*NL* T ;if *PbF + Ct J, < ! Li.ni nation ins 


1030.. 


CI)R'< =. (J.4!>4*!'N+C.l°*HD5)*T'?' , *A*il''t ! Jrillim 


10 40 0 


C r> F.* 1 = 0 •Oo?*'TM r ‘*QHF*TCC ! Removal ot tpoxy urn oar 


10b0.; 


C v t.S = (o. 25fc -3 *11.4+0 ,0v3*HD)*CLc.A , M Ll octroi ess *,1.3 1 in; 


1060C 


CTo = 0.0111»CCFAH*H8 ! 1 1 ec trop la t ir.;j 


10700 


CM = 0 . 0 0 6 * T M A R 

! Marking 

i.i t- 

1063 0 


CPA r = 4 . 8t-3* MT*CCF AP 1 1 n stal 1 a t i on ol t»a.r'*ware 


10900 


CSRF = 0.22o*Qp(.F • Solder re f lowimj 

* * 

1100U 


CPLC = 0 • P * SF *CCF AD*CHF ! Ml and 4u plating 


lino 


CHS = 0.15*THSF*TAHF ( Bond heat sin* 

... .1 

1123V 


CIMSPF = 8.8 E~3 *CCF AS* SF* Vi ) Inspection 


11306 


Cl TF = 1.2*CCFAU*SF i Electrical testing 

“» » 

1140V 

c 

f!?VF: Reworking 

after fabrication 

! 

1153V 


C R M F = 3 .0 55*MRF1 C+0 • 1 66* MRFP I +0 .0 33 3* NPP H R 

M. t 

11600 

c 




11700 

c 

HI. A S S t M 

B L Y 

.. 

11800 

c 

• ASSFMHL Y 

COST FACTORS ; 


1190V 


AVCCC = 0.5 

! Average component complexity factor 

. 

12000 


OF = 1 

! bending factor 



sr cn 


D-2 




MW4 




12100 
12200 
12300 C 
1240C 
1250c C 
12600 
1270c 
17R00 
12900 
1300c 
13100 
1320c 
13300 
13400 
1350O 
1360c 
I370v 
l.lhOU 
1390c 
1 4 ( 0 ( 

1410C 
1420C 
1430C 
1440c 
1450c 
1 4oOC 
1470c 
14o0u 
1493c 
1560c 
15100 
15230 
1530C 
15400 
15500 
15600 c 
1570c 
15600 C 
1590U 
15C06 
1610c 
1620 c' 
16300 
16406 
16506 C 
16c0c 
1670c 
16800 
16900 
17C0c C 
17100 
17206 
17300 
17400 C 
17500 C 
17600 
17700 C 
17800 
17900 C 
18000 


CAl = 0.056 
CA2 = 0.009 
DAX a NAX/PW8A, 
DUV = 26 
DOT = NOTH/PWBA, 

M 3 1 

N1 3 0.1 
:i2 3 0.02 
U3 3 0.01 
84 3 2 
NAX 3 00 
.iC = 94 
VFP = 94 

M>»Y = 10 

«I = 5 
NOTH 3 14 
N’SJ 3 QfO 
NTS = 4 
P. 3 1 

RFOPA r 60 
I^OPPP = 1200 


Assembly complexity factor constant 
Assembly complexity factor constant 
Axial component density 
Average lead density per component 
Other component density 
Number of rework's 
Fraction of hybrids reworked 
Fraction of other components reworded 
Fraction of solder Joints 
Number of sides 
Number of axial components 
Number of components 
Number of flat pacxs 
Number of hybrids 
Number of inspections 
Number of otner components 
Number of solder Joints 
Number of transistors 
Component type (l=axial; C=other) 

Kate of formin» o* axial coxponents/hr 
Rate of forming of flat pacus per hour 
Fate of forming of hybrids per hour 
Rate of forming of transistors/hour 
Pate of insertion of axial comps. /hr 
Fate of insertion of flat packs per hr 
Hate of insertion of hyhrias per hour 
Kate of insertion of trnnsistors/hour 
Fate of loading per hour 
Rate of leak test 
ttate of tinning per hour 
! Pate of vapor cleaning per Hour 
I Exponent of AVCCC 


)*t'A2*Df AV**1.1! Complexity factor 
ASSEMdL Y STEPS : 

CLF = NA*P »075*(N AX/RFORA* NTR/RFO”T* NMY/HF 0411 )*dF 
Lead forming 

IFfCASE.EO. 'DIGIT' )CLF = (NFP/ FFU p FP)*ttF 
CTIN = N«*0.06*NC/RT1N ! Tinning 

CVC = NA*0.05S*»»C/RVC I Vapor cleaning 
d.T = NA«P*0.065*NC/kfT I Leak test 
CLM = HA*0.3 *nc/rlm l Load magazines 
CCi 3 N A *0. 15*( NAX/R I Aa-VTR/ p iT*NilY/ 0 18)*UF 
Component insertion on PNB panel 
IK(CASt.t;0. 'DIGIT'JCCI = (NFP/RIFP)*bF 
CHS = 0.C3 I Reflow soldering 

CRT A 3 .0.38*AVCCC**V*CCA! Electrical testing 
CTfo» = 2.2*AVCCC**Y*CCA1 Troubleshooting 
CRWAJ Reworking after assembly 

CRWA 3 N*(0.1'f5*Nl*MHY«-0.054*N , 2*NnTm-0.011*N3*NSJ) 
CCT 3 0.15*SF 1 Conformal coating 

CINSPA 3 Ni*0.086*CCA*SF f Inspection 


pp ur t i 

= i2C 

m K Uk T 

= 2( 

!*I A = 

60 

n! *** P 

= 1200 

K 1 II = 

120 

KIT •= 

20 

pr.M = 

soo 

PLT * 

1)0 

nnv : 

= Sc 

PVC = 

ICO 

Y = 1 


= 

NAA/PWHA 

nn t = 

NOrVPrf&A 

CCA = 

CAi*<nAX*1 


IV. T 0 T A T. M A N tf F A C T ff o B 
NR 3 20 I wage rate/ $/hour 

CMRF, Recurring material fabrication costs: 
F 3 i | Materials factor, fabrication 
(1 = epoxy; 1.8 s polyimide) 

CMM 3 2*F*NL*SF (Material 
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S.’*- 


5tii 




18100 


CMP = 0 . NL*SF IPreprecj 

13200 


CPU = C.ii ! Chemical 5 

18300 


mo = 2.5 IGold bath 

13400 


CMP? = CM*< * CfiP + CCP ♦ CAM 

18500 

c 

CMPA, Recurring material assembly costs: 

1 3 1> 0 0 

c 

Components cost factor: 

13700 


CCUMP=G.57*OAf ♦7. 5**JTS+ 4 5 n **!iiY ! ''ompor.ents 

I860'} 


3 = o.S7 I Components coefficient 

13900 


Ir ( CixSb. .f.U . 'D1C1T')CCG.iP=1‘j*JIFp 

19(.0o 


IF ( r ASc.. . 'C Ak!? 1 ’ )CCOr'P=P.* 1 5 *.NFP 

101 00 


CTO = 20 ! "ateiial constant 

l)20o 


CM FA = CCOilF CUH 

19300 

c 

CfAb, Fabrication cost, volume-inaetemientT 

I 04 O 0 


C'F A!» = (CCLc.*Cpl!+CS TC+CKrt +Ci.° A+CLA" 

1750' 


? +C'jn a+C P EM + rtf.a+C l> L*C‘ +CII AK+CS hF 

1 J 0 0 •* 


3 ♦CPLC + C!!5<-Cl:;S9F + n t ;TF<-C : ’™F)‘ , isn 

177 ft 

(7 

C'MFAP, Fabrication cost, t/olume-Meoenclent : 

17i)7.. 


C i^AMnc :fAn*(r'Pi + p^2<-l) *CC E ’A n *7,| I *-r**(_ f r-) 

1790v 


1 ? { C A C. » l-Tl ')GU TO 30o 

20001 

c 

Assembly costs: 

2017 

c 

C ' a , volu^e-imiepen-’cnt: 

2020 1 


C C. =(C f w *CTi ''♦Cl C+C LT*3 (."♦CC I +CPP+C c-TA+C TH'-lf 

20 3 O'- 


A C"..A+CC'"+Ci"sPA )*..;> 

2040'. 


■in ”,1 JK 

2 7 5 0 • • 

c 

special case "Carrier 

20l'0i. 

3 J <J 

'■•=,} .7 

2070' 


C <A = < (c(.F*CTl‘'+C< C+CLA‘+CL ,, + CCi ♦CP. I + CcTA+CPUd 

2 0 f 0 1 


2 ♦ C , J<-CCT+ri'IO r, A)* ( 1+U O-erLr+CTiM^CL'b)) * 

20 7 0' 

C 

Z ' J , Volunie-Mepenaent : 

2 1 C 0 l 

3 1 0 

CP' /-. = C •A*(PA1+P/.2+1)*fM1*«**(-K)*CCA 

2110" 

r 

CP-T, rni'Ai. .-lAN'It AC'OPIV'O CIIST 

21207 


C.. r - = C ? " F A J* C ”K M A ♦ C*'P p ♦ Ci\ 7 A 

213 0 v 

r 


2140t 


T<PK lo, OTTu 

21501 


r/p •: 2c, cppi'.a 

2160 . 


r vp" 70, r.MPF 

217. Op 


rvp K 4c, CCA 

A 1 D 0 -1 


r i F I'. 5 3, CCF«i: 

2190c 


TYP" *C ,'*~A 

27C0 


V* P 57 nr > , CpWc 

2210 1 . 


.i",.*' fii mi T=iri'J,ACCSi5S=* cu nuo ,# ,-: n o r '=' a sc ii'. 

2220'.’ 


2 r *VICK = 'iJS<^',KAlfc=f’lL*lAM) 

223 0c 


AHTu ( T FLU, lf-U ) 

2740c 


0 1 T K (IPT.u,2* , 0)CASi ? 

2250c 


dm., (IFn),240 ) 

2 2 1> 3 c 


n :J 1 'I’h (Irl,U,lJ )CpMFAc 

2 2 7 C 0 


vOLT^ (IFLU,2r )CPi(MA 

2" , b r K 


CITI ( IFf.U/30) C«PF 

22900 


dTc! (IFf.0,40 )CM n A 

23C0C 


W R 1 Th ( 1FL U,60 ) CCFA3 

2310c 


KPITc. ( IFLU/60 )CC A 

2120 c 


a'°ITL; ( IFLU/7C) CPWIi 

2330c 


FMI) 
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APPENDIX E 


PRINTED WIRING BOARD (PWB) - COMPUTER PROGRAM 
TO CALCULATE PWB COST MATRICES FOR THE 
GENERATION OF COST SURFACES 


00100 c 

00200 C 
00300 C 
00400 C 
*00500 C 
0060C C 
0070C C 
OQtsOC 
00900 
OIOO0 
0 llOo 
0120u 
01301. 

0140u 10 

0150C 20 

OIdOo 30 
01700 10 

OlbOC 50 
0 1 9 0 C 60 
02000 
<mOG 
02200 
02300 
02400 
0?50f; 

0 2 0 0 0 
0 2 7 0 0 
02B0o 
0290< 

03000 

03101 C 

03200 C 

0330O 

0340O 

0350o 

03t>00 C 

0370C 

0 3 0 0 C r 

03900 

04001. C 

0410v 

0420 0 C 

O430O C 

0440C 

04500 C 

04bOC C 

04700 C 

04801 

0 4900 

0 5 0 0 C 

OSIOC 

05200 

05300 

05400 

05500 

05600 

05700 

05800 C 

05900 

0600C 


"PWB MANUFACTURE: Matrix Program** 

This program generates a matrix for use in plotting 
pwe manufacturing costs as a function of t.ao variables 
(selected cost factors') on a 30 surface using the 
Thermal process of the Anal /sis subsystem of CAD. 
(FORTRAN subroutine called: OCOFlL; execute command: 
EXECUTE PWUMAT.FOP/Rfcr,: SUB/r 15) 

IMPTlCiT f’t'AL (K/L/ M) 

INTEGER IFLU/T/J 
DIMENSION 1PPN(3) / PRAMF(5) 

DIMENSION CPWP (50 ,50 ) 
kt AL*6 FILNAM 
DATA IFLU/20/ 

FORMAT (' Phb MANUFACTURE: "atrix Generation ') 
format (* Enter output file name : $) 

r UR MAT ( 5A5 ) 

FORMAT ( ' < TEST' ) 

FORMAT (50G) 

FORMAT ('*') 

TYRE 10 

T MR p ->(, 

ACCEPT 3G/FNAME 

CALL PCPFIL (FNAME/'nAT'/Fil.iJAM/iPRM) 

OPEN (UNITsIFLU, ACrtSS = 'SLJU;)T'/ M0u p a*ASC II'/ 

1 P If.E=F ILnAM/ 0 1 kF C TO ^ Y = l or «j / t. T S D USL-' SAt'E* ) 


*' n l T6(IF L ,, /40 ) 

DU 100 1=1, 

50 

do l or, j=i/ 

‘it = 0.5*1 
V = J*E 

50 

I. GENE 

R A L COST F A C T U ft li 

K = 0.35 

! S) ope 

RHi = 22.4 

* Facility :> ire factor (intercept) 

PA1 = 0.2 

! Fraction of non-r ecurr ing a^sewbi/ 
engineering costs 

{•tu = 0.35 

1 rraction of non-recu rrin * nutarial* 
assembly cost'; 

Rtl =0.2 

\ Fraction of non-recurring 
engineering costs 

Pp2 = 0.25 

! Fraction ot non-recurring 
mater i als costs 

V = matrix 

element/ yearly production volume 

SF = 0.5 

! Size factor/ area . 

11. F A D R 

I C A £ i (J H 

FABRICATION 

cost factors: 

CLEAN = 0.5 

f Cleaning c actor, PfcH 

CMF = 1 

! Complexity oi masking operation 

CPH = 0.015 

1 Post-bake cost. 

HP = 25 

f Hole density 

:iDS = 3 

1 dumber of different hole sizer. 

H*1 = 800 

1 Number of noles 

HS = 32 

! Hole size 

LS = 10 

\ Line spacing 

LW = 12 

! Line width 

Nl = 10 

I Nuuber of inspections 

NL = matrix 

element/ Number of layers 

NRETC = 3 

1 Number of retouchings, coppr*r 

NRHPL = 1 

! Number ot replatings 
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06100 
0620o 
06300 
0640c 
06500 
0fc> b 0C 
0 670 u 
0680C 

06 go u 

0 7 C 0 0 
07100 
0 7 2 0 0 
0 7 3 0 0 
07400 
07bOC 
0 7 o 0 L 

07 7 0 v, 

O7 30v, 

07 VO 0 
u ° c 0 l 
0 31 nr. 

0820t 

0 3 30 i 
0 q ^Ol 

o 3 5 o : o 

0 H Li 0 Vi 
0 37 0 » 
0«FOi 
0 *3 0 O b 
O^C 01- 
0 U*K 
0920< 

0°3 Or 
0 0 < 0 C 
uO50c 
07(.0^ 

017 0c 

0 luOc 

qowo c 
1000 c 

101 0 c 
1020c 

1 o 3 o v c 

10 40< 

10 50 •’ c 

10600 C 
1070c C 
lObOc 
10900 
llOOu 
1 1 1 0 u 
11200 C 
11300 
11400 C 
11500 
1160 0 
11700 
llbOu 
11900 
12000 


NRPHft = 5 
NT = 50 
PS = 40 
PSF - 1 
P^UA = 30 
QHF = 0.5 
QPLp = 0.5 
TAP^ = 1 
TCC - i 

TCIJK = 1.758-2 
T ,f SF = 1 
T'iAP = 1 
Mr = 1 

TR = C.05 

r u n = 0 .5 
w C f f = 2 
^ ^ l .23 
AT l> m A - i 

-’:v\ “= 1 

llA -“u = 1 
= i 

ci 


1 Number of photoresist retouchings 
Number of terminals 
Pad size 

Press cycle factor 
PVb area/ square inches 
Hole quality factor 
Plating quality factor 
Adhesive type 
Curing cycl° 

Copper thickness factor/ STOH/ounce 
Type of heat sink 
Type of nniKing 
Type of arterial 
Drilling tolerance 
Type ol photoresist 
weight of copper/ ounces 
prilling tolerance (TR) exponent 
C^FA a exponent 
COP Al. exponent 

cnp Ah exponent 

C r FS > exponent 

A tJ = ( 2 • 1 L-3 *1! n tp .o7* (l • / L *‘ + l • /IS) )**AMMU! 
0*(l/Pb)** f ,hi*A + -J* (l/KJ)**-JAMf!A ■ 


J •Ol25 # NL**i>;-,i.'^A 

"A i^iCATinN PS: 

CCl r = O.U33*Af 
C° K = .lo*TYK*6F* *!L 

~ rCfc*Ah*P .P6 *nl*TC!JF*.^U 
C7p - 5. *CCFA j 

C v \ A = 4.?t-3*N T 
CLA'< r 2.5h-2*Nl.*T.M?»PS?^Ci^ 
n)rl" = (o. lF-‘iMh\+C^ C9r"JS)*n**A 
V'Z*' - u.jo2*TMF«OliF*TCC ! 

CZLS~(6. z5£-3*iiS+0 .0 c 3 *P D ) * f 'Lz * 7 ! 


r abr i cati on 
joiiipl exi ty 
factor 


pp L = if.clll^CFAU^S ! 

CM = c.o:s*tmak ! 

CD A p = 4 . cit-3 * hT*CCF A f> I 

CSRr* - 0 .22o*QpLr I 

C r, Lr = 0.n*SF*CCFA[ # *C M t ! 

;: ,f S = O.l^THSF^TAH* ! 

CI.tSPF - 8 . H 8-3 * CCK Ab* 5 7 * N1 ! 

CZTr = 1.2*CCFAb*SF ! 

reworking after fabrication 
C=H,T = 0 .J55*MF r Tf«-0 alo6*NK , ipr + 0.0333*N p PP F 


Hot soak cleaning 

Photoprint 

etching 

Ph ot oresi s t stripping 
Cbanol treatment 
Lamination anj hake 
! Drilling 

Removal of *poxy smear 
c. lectroless plating 
E 1 ec tron la tiny 
Marking 

Installation of hardware 

Solder reflowing 

Ni and Au plating 

Bond Seat sink 

Inspect i on 

E 1 ec trical testi ng 


HI. 

AVCCC 
o F - 
C A I = 
CA2 = 
dax = 

JLAV 
DOT = 
N = 1 
Nl * 
IP 
N3 
M A 
NAX 


ASScIMBlY 

ASSEMBLY COST FACTUPS 


— 0*5 

L 

0.056 
O.OOy 
NAX/PWb A/ 

- 26 

NOTH/ PWB A/ 

0.1 
0.02 
0.01 
2 

= 80 


• Average couiponent complexity factor 
! dendmg factor 

! Assembly complexity factor constant 
! Assembly complexity factor constant 
Axial component density 
! Average lead density per component 
Other component density 
! Number of reworks 
f Fraction of hybrids reworked 
I Fraction of other components reworked 
l Fraction of solder joints 
f Number of sides 
! Number of axial components 
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12100 
12200 
12300 
1240O 
1 2 b 0 U 
12600 
17700 

1 2 b 0 
12900 

nooo 

13100 

13200 

1330u 

13400 

13b00 

1 3 6 0 0 
1370 v 
13600 
1 3 9 0 0 
14000 
1 4 1 0 0 
14200 
1430c 
14400 
1450c C 
14000 
1470i C 
1460IJ 
11900 
15000 
15100 
152 Ju 
15300 C 
15400 
15500 
15o00 
15700 C 
I5u00 
1590o 
l6C0o 
16100 C 
1620c C 
1630c 
15400 C 
16bOo 
I 60 O 1 C 
1670c 
16800 
1690O 
1700c 

17 IOC 

1720c C 

17300 C 

1740c 

17500 

17600 

17700 C 

17800 

17900 

18000 


NC = 94 
NFP = 94 
NHY = 10 
NI = 5 
NOTH = 14 
USJ = 800 
NTR = 4 
6 = 1 

RFURA - 6C 
RFO»FP = 1200 
RFUHl = 120 
9 FOOT =20 
,UA = 60 
MIFF = 1200 
Pill = 120 
R IT = 20 
RI.M = 50u 
RT.T = '50 
RT1M = 50 
°V C = 100 
Y = 1 

DAX = NAX/PnoA 

OUT = NnT"/[»WHA 

CCA = CAl*(OAX* n UT)+C42*Ol,MV**l.n ^ o -n I exi t j factor 
ASSEMBLY ST C PS : 

CLF = rU*c.075* ( N AX/I FiJ-7 A+f.”P /Pr"d'>T+ ;.”’V In Fijo n >*or 
Lead forming 

CTI 8 = N A *0 . 0 5 * f 1 C/ R T i >! ! Tinning 

CVC = rA *0. 055* ’IC/RVC ! 6vor cleaning 

CRT = JIA*9*0.065*Mr/,{LT ! Leak test 

CLM = NA*P. 7**1C/KL.-I S Load magazines 

CCT = !IA*0 . 15 * ( '<’AX / 0 J A ♦NT e/ r lT+*l|!V/ ” !!■> )*6F 

(CCl = Component Insertion on P'-’H p^nel) 

C n S = 0.O3 ! Retlo<i soldering 

C"rA = 0.ab*AVCCC**V*CC1 ! LI ectrical testing 
crin.i = 2.2 ’*avccc**y*cca • ti oubiosnooting 
cpwa: Reworking after assembly 

COXA = M*(0.175*.Nl*NiiY*0.Ob4*‘ , 2*..n , r;i+u.Oll*''3*; ( SJ) 
CCT = 0.15*SF ! Conformal coating 

ClNSPA = Mi*o.C88*CCA*SF ! lnsoection 

IV. T n T A I M A '! ,p F C T ,r o i? 

wP = 20 ! nage rate, 5 /hour 

Cmrf, Recurring material fafrication costs: 

F = l ! Materials tactor, r.abricat ion 
(1 = e t >oxy; 1.6 = t-olyimi Be) 

CM|( = 2*F*NL*SF (Material 

CMP = 0. 36*F*ML*S'= - !Prn>ren 

CCII = C.t) (Chemicals 

CAP =2.5 ! Col a bath 

C«RF = CMM + CMO «• CCH * CA'l 

C M RA, Recurring material assembly costs: 

Components cost factor: 

CCOMP=0. 57*NAX + 7. 5*VTR + 450* ,| H Y f Components 
COO = 20 ! Material constant 

CMR A = CCDMP * COO 

CMF AM, Fabrication cost, volume-independent: 
CMFAH=(CCLE+C°H>CFTC+CRR+CE n A*CLA M 
2. ♦CD’NHCREM+CELS+CPLtCM+ClIAR+CSRF 

3 +CPLC+CHS+CINSPF«-CETF+CRWF)*W9 


Number 
Humber 
Number 
Number 
Number 
Number 
ljumuer 
Component 
of 
of 


of 

of 

of 

of 

of 

of 

of 


components 
flat packs 
hybrids 
inspections 
other components 
solder Joints 
transistors 

type (l=axial; 0=other) 

Rate of forming o f axial componen*s/hr 
Rate of toriring of flat pacn.s per hour 
hate of forming of hjbrids ,>er hour 
Rate of forming of transistors/h'our 
Kate of insertion of axial comps. /hr 
Rate ot insertion of flat .^icks per hr 
Rate of insertion of hybrid per hour 
Kate ot insertion o f tr ans i store/* our 
Rate of loading p°r hour 
Hate of l«aV test 
Rate of tinning per nour 
Rate of vapoi cleaning -ler .iour 
Exponent of A V C O C 
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1R100 
18231 
18300 
1840 0 
18500 

18O00 

1870o 
18800 
18900 
19000 
19100 
1920 0 
19300 


C C'M^AO/ Fabrication cost/ volums-iependent: 

rPMFAO=CMFAP*(PFUPF«:+l )»rc?A3*?HI*V**(-.\) 

C Assemoly costs: 

0 C'<A, Vol u-ie-inaeppnd en t: 

C v A = (C F*CT1*I*CVC+C LT+C U'+CC I + C !<S«-C bTA+C T hOU* 
2 CRaA+CCT+CI'JSPa)* 

C r'MA/ volume-dependent : 

C PR u A = CMA*( ' , Al + PA?-fl ) *FHl *V **(-*’) •CFA 
C CP-IP, TOTAL KAK'IF AC TtJ °i NO CIST 

100 CP*U(J/I) = Cl'MF Aj+CFFP. A+Cdl- A 

41 * I Tt. (rFLU / 50 )Pp’«'U 
Air> I T £1 (IFMJ/bO) 

CIO 



I 


) 
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